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PREFACE TO CRC HANDBOOK OF CHEMISTRY 
AND PHYSICS FACSIMILE FIRST EDITION 


To mark the appearance of the 85th Edition of the CRC 
Handbook of Chemistry and Physics, the publisher has pro- 
duced this facsimile of the First Edition, which came out in 
1913. Comparison of the first and eighty-fifth editions illus- 
trates the progress of science over the intervening years. 
Publication of the First Edition coincided with the appear- 
ance of Niels Bohr’s revolutionary paper on the hydrogen 
atom, and came only eight years after EKinstein’s “miraculous 
year” when he published his historic papers on relativity, 
Brownian motion, and the photoelectric effect. Only 81 ele- 
ments were known in 1913, the electron had been discovered 
only 17 years before, and the proton and neutron were still 
unknown. Madame Curie had just won her second Nobel 
Prize, and Max Planck, Niels Bohr, and Albert Einstein had 
yet to be recognized with this honor. 

The evolution of the CRC Handbook of Chemistry and 
Physics has paralleled the growth of modern science and the 
technological revolution that resulted. Since this first vol- 
ume in 1913, the Handbook has been revised annually 
except for a few wartime years. It has grown steadily in both 
size and diversity of information. The 13th Edition in 1928 
contained 1214 pages plus a few advertisements for rubber 
aprons and stoppers. Nine pages were devoted to atomic 


PREFACE TO CRC HANDBOOK OF CHEMISTRY AND PHYSICS 


spectra (compared to over 150 much more densely packed 
pages today). The charge of the electron was given to four fig- 
ures (now ten figures). The 29th Edition in 1945 had reached 
2640 pages, with no advertising, but was still in the smaller 
4.5 x 7 inch page format. It included data on amino acids and 
artificial radioisotopes, and the charge of the electron was 
quoted to six figures. Post World War II editions expanded in 
step with the growth of the general scientific establishment, 
soon leading to the present large-page format. In the last 
three decades information has been added on lasers, the 
genetic code, global climate change, high temperature super- 
conductors, and other topics that were unknown when many 
of us started our scientific education. 

Throughout its history the CRC Handbook has emphasized 
three goals: accuracy, currency, and convenience. Data are 
taken whenever possible from evaluated sources and sub- 
jected to stringent quality control. The annual cycle for new 
editions permits new, improved data to be incorporated 
quickly and coverage of emerging scientific areas to be 
added. While the book passed the coat-pocket size long ago, 
we have retained the single volume format that finds its way 
to thousands of desks and laboratory benches. Development 
of an electronic version was started five years ago, and the 
full content, accompanied by powerful search and retrieval 
software, is now available on the Internet and as a CDROM 
product. As the needs of users change, new features and new 
delivery mechanisms will continue to be introduced. 

We hope this reprint of the first edition will prove inter- 
esting to current Handbook users and that it will illustrate 
the enormous advances in scientific knowledge over the last 
century. 


David R. Lide 
Editor-in-Chief 


PREFACE 


In compliance with the requests of hundreds of our friends for 
a small but comprehensive book of reference on chemical and 
physical topics, we have designed and compiled this Pocket 
Manual of Chemistry and Physics. 

We shall feel amply rewarded for our effort and expense if this 
volume proves to be of use and convenience to the profession 
whose support has been a conspicuous factor in the growth of our 
establishment. 

The material here inclated has been carefully selected by W. R. 
Veazey, Ph. D., Chemistry Department, Case School of Applied 
Science. The Sonipiler has been guided in his selections by the 
suggestions of more than a thousand members of high standing in 
the Chemical and Physical profession. 

We desire to express our appreciation and thanks to the many 
persons who have co-operated with us in the preparation of this 
book. 


THE CHEMICAL RUBBER COMPANY 
Cleveland, Ohio 
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ANTIDOTES OF POISONS 


1. Acetic Acid.—Emetics, magnesia, chalk, soap, oil. 

2. Carbolic Acid.—Any soluble nontoxic sulphate, after provok- 
ing vomiting with zinc sulphate; uncooked white of egg in abun- 
dance, milk of lime, saccharate ‘of calcium, olive or castor oil with 
magnesia in suspension, ice, washing the stomach with equal parts 
water and vinegar; give alcohol or whisky or about 4 fluid ounces 
camphorated oil at one dose. 

3. Hydrochloric Acid.—Magnesia, alkali carbonates, albumen, 
ice. 

4, Hydrocyanic Acid.—Hydrogen peroxide internal, and artifi- 
cial respiration, breathing ammonia or chlorine from ‘chlorinated 
lime, ferrous sulphate followed by potassium carbonate, emetics, 
warmth. 

5. Nitric Acid.—Same as for hydrochloric. 

6. Phosphoric Acid.—Same as for hydrochloric. 

7. Sulphuric Acid.—Same as for hydrochloric with the addition 
of soap or oil. 

8. Sulphurous Acid or Sulphur Dioxide——Mustard plaster on 
chest; narcotics, expectorants. 

9. Todine. —Emetics, stomach siphon, starchy foods in abun- 
dance, sodium thiosulphate. 

10. Lead Acetate.—Emetics, stomach siphon, sodium, potassium 
or magnesium sulphates, milk, albumen. 

11. Mercuric Chloride or Corrosive Sublimate.—Zine sulphate, 
emetics, stomach siphon, white of egg, milk, chalk, castor oil, 
table salt, reduced iron. 

12. Sodiwm H. ydroxide or Potassium Hydroxide.—Vinegar, lemon 
juice, orange juice, oil, milk. 
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VAPOR TENSION OF WATER IN MILLIMETERS OF 


MERCURY — 2° TO + 36°C. 
According to Regnault, 


Broch, and Weibe 
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VAPOR TENSION OF WATER IN MILLIMETERS OF 


MERCURY + 30° TO + 230°C. 
According to Regnault, Broch, and Weibe 
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COMPOSITION OF SOME TYPICAL ENGINEERING ALLOYS 


m6 
ANTI- BIS- 
TRON | TIN | xony | LEAD |COPPER| ZINC | yeomy | PHOS- 
Kens 

Bell metal...... 22.0 78.0 
Brass trees toy 72.0 | 28.0 
Brass (yellow). 60.0 40.0 
Bronze for bear-| 

{ngey sce 16,0 82.0 0 
Speculum | 

metal......... 33.4 66.6 
Muntz metal... 60.0 40.0 
Mosaic gold.... 65.0 35.0 
Gun metal..... 91.0 9.0 
Bronze.........- 94.0 1.0 5.0 
Babbitt metal. 45.5 13.0 40.0 1.5 
Britannia 

metal:.......: 90.0 10.0 
Pewter... 506 80.0 20.0 
Soft solder..... 50.0 50.0 
Tobin bronze...| 0.2 0.9 0.4 61.2 37.3 
Phosphor 

bronze........ 10.0 9.5 79.7 0.8 
Rose metal....: 22.9 27.1 50.0 
Car-box metal..| 0.61 14,38 | 84.33 0.68 
“B” Alloy P. 

5 a ee aap oe, 8.0 15.0 77.0 trace - 
White metal.... 82.0 12.0 6.0 
Type metal..... 3.0 15.0 82.0 


10 


HAN DBUUK UF CHEMISTRY AND PHYSICS 


FUSIBLE ALLOYS 


PERCENTAGE COMPOSITION 


OBSERVER OR SPECIAL 


OINT, ~ | 
Seo Lead | Tin ah | mtu ers 
55.5 | 25.00 12.50! 50.00; 12.50, 
65.5 25.00, 12.50, 50.00 12.50} Wood 
67.5 | 25.21 14.10 51.07, 9.60 { Wood 
: figs Melis (inasn awon bauer 
68.5 24.24) 13.65 49.09] 13.09 v. Hauer 
70.0 28.60 14.30 50.00) 7.10 Wood 
75.5 | 25.80) 14.70] 52.40, 7.00! Wood 
76.5 | 34.38) 9.37) 50.00] 6.25] v. Hauer 
77.0 29.41) 17.65 47.06, 5.88 
80.0 25.00) 25.00 43.75 6.25) Harper 
$2.0 42.86) | 50.00} 7.14, Wood 
88.0 42.86) | 50.00; 7.14, n.v. Hauer 
89.5 39.52) | 53.36 7.11) v. Hauer 
90.0 34.97) 29.90) os oe 
. | | nions 
91.6 | 30.00, 20.00 50.00, | Lichtonber 
93.0 | 25.00 25.00) 50.00 | Ging 
94.0 42.10) 15.80) 42.10 | Rose 
95.0 33.33) 50.00 16 .67| v. Hauer 
95.0 58.33) | 33.33, 8.34 
98.0 31.25) 18.75) 50.00 | Newton, d’Arcet 
99.0 33.34] 33.33) 33.33! | 
100.0 50.00 30.00, 20.00 | 
105.0 26.67) 44.76; 23.81! 4.76) v. Hauer 
111.0 40.00} 20.00) 40.00 | Bismuth solder 
119.0 48 .39| 88.71) 12.90 
124.0 38.84] 22.14] 39.02 | 
128.0 44.45) 44.44) 11.11 
130.0 38.46] 30.77, 30.77 
132.0 28.00! 47.00 25.00/ v. Hauer 
136.0 26.47) 59.32) 14.30} v. Hauer 
140.0 68.29) 31.71 
145.0 50.00} 30.00! 20.00 
150.0 40.74) 44.44) 14,82 
155.0 42.86) 42.86) 14.28 Bismuth solder 
160.0 53.57| 32.14] 14.29 
165.0 75.65 24.35] v. Hauer 
171.0 33.33) 66.67 Soft quick solder 
175.0 89.77| 10.28 Spring 
180.0 37.00} 63.00 Drop solder 
185.0 46.73) 53.27 
190.0 41.23] 58.77 
194-195 | 84.001 16.00, 
200.0 50.00) 50.00) 
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LIST OF APPARATUS AND MATERIAL FOR EXPERIMENTS 
IN PHYSICS 


Tools and Measurements 


Micrometer Caliper. 

Vernier Caliper (new design). 
Meter Stick, brass tipped. 
Wire Cutting Pliers, 5 inch. 
Metric Diagonal Scale. 

Wire Gauge. 


Properties of Matter 


Adhesion Disc. 

Cohesion Plates. 

Prince Rupert Drops. 
Capillary Tubes and Support. 
Osmose Apparatus. 

Inertia Apparatus. 

Elasticity of logs theas  occay ae 


Breaking Strength of Wire Ap- 
paratus. 
Mechanics of Solids 


Collision Balls with No. 694 
Are. 

Composition of Forces. 

Lever Holders (8). 

Pulley, single, 2 hook. 

Pulley, double, 2 hook. 

Inclined Plane with Arc. 

Hall’s Carriage. 

Center of Gravit' 

Second Law of 
ratus. 

Rotator (whirling table). 

Centrifugal Hoop. 

Two Balls on rod, for rotator. 

Ring, Chain and Cylinder. 

5B og beh 

Three Spring Balances, Met. 
and Eng., flat back. 


Mechanics of Fluids 


Equilibrium Tubes. 
Hall’s Pressure Gauge. 
Bottle Imp and Jar. 
Hydraulic Press. 
Boyle’s Law Tube. 
Siphon. 

Tantalus Cup. 
Archimedes Principle. 


Apparatus. 
otion Appa- 


Lift Pump. 

Force Pump. 

Demonstration Hydrometer. 

Hydrometer for heavy liquids. 

Hydrometer Jar, 12x2}. 

Barometer Tube, Cup and Pi- 
pette. 


Pneumatics 


Oil Sealed Air Pump. 

Vacuum Wax. 

Vacuum Gauge. 

Bell in Vacuo. 

Three Bursting Squares. 

Freezing Apparatus. 

Bell Glass, 1 gallon. 

Hand and Bladder Glass. 

Sheet Rubber, 1 square foot. 

Mercury Shower. 

Magdeburg Hemispheres. 

Bacchus Illustration. 

Spirometer (Seven-in-One). 

Water Hammer. 

Guinea and Feather Tube, Foun- 
tain in Vacuo and -Aurora 
Tube combined. 


Heat 


Copper Boiler (Apparatus A). 

Air Thermometer. 

Chemical Thermometer. 

Conductometer. 

Ball and Ring. 

Compound Bar. 

Palm Glass. 

Linear Expansion Apparatus. 

Calorimeter. 

Tyndall’s Specific Heat Appa- 
ratus. 

Fire Syringe. 

Convection Apparatus. 

Radiometer. 

Sectional Model of Steam En- 


gine. 
Alcohol Lamp, 8 ounce. 


(Bunsen Burner substituted if. 


desired). 
Tripod for same. 
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LIST OF APPARATUS AND MATERIAL FOR EXPERIMENTS 
IN PHYSICS—Continued 


Magnetism 


Lodestone. 

Bar Magnet, 6 inch. 
Horseshoe Magnet, 6 inch. 
Iron Turnings. 

Electro Magnet. 

Magnetic Needle. 
Compass, 40 mm. 


Electricity 


Friction Rod, wax. 

Friction Rod, vulcanite. 

Catskin. 

Pith Balls, 1 dozen. 

Pith Images, pair. 

Electrical Pendulum. 

Electroscope. 

Toepler-Holtz Electric Ma- 
chine with attachment and 
shocking handles. 

Brass Chains with hook and 

snap. 

Leyden Jar, quart. 

Discharger. 

Image Plates. 

Hollow Globe. 

Proof Plane. 

Bell Chimes. 

Universal Support. 

Volta’s Hail Storm. 

Electric Flier. 

Holder for Tubes, etc. 

Geissler Tube, 8 inch. 

Plunge Battery, 2 cell. 

Demonstration Coil. 

Electric Motor. 

Decomposition of Water. 

Galvanometer. 


One Pound Magnet Wire for 
connections. 


Sound 


Savart’s Wheel. 

Siren Disc. 

Tuning Fork. 

Tuning Fork on Resonant case. 
Sonometer. 

Violincello Bow. 

Organ Pipe. 

Chladni Plates and Clamp. 
Oscillograph. 


Wave Motion 


Crova’s Disc. 
Spiral of Brass Wire. 


Light 


Newton’s Disc. 

Concave and Convex Mirrors. 

Multiple Image Apparatus. 

Incidence and Reflection App. 

Sextant. 

Equilateral Prism, 4 inch. 

Demonstration Lenses, 2 inch. 

Lens, 10 cm. focus. 

Lens, 15 cm. focus. 

Index of Refraction. 

Blocks for supporting Meter 
Stick. 

Lens Support. 

Screen Support. 

Screen. 

Pin Support. 

Iceland Spar, medium. 

Newton’s Rings. 


LIST OF APPARATUS AND MATERIAL FOR EXPERIMENTS 
IN CHEMISTRY 


Beakers, nest of 5 (3 to 20 oz.). 
Blow Pipe, plain, 8 inch. 
Bottles, W. M., two 8 oz. 
Bottles, N. M., two 8:oz. 
Burette, 25 ec. 1-10ths. 


Corks, 2 dozen, assorted. 

Cork Borers, set 1-3. 

Cork Screw, wood handle. 

Crucibles, Hessian, 2 neste 
large 5s. 
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LIST OF APPARATUS AND MATERIAL FOR EXPERIMENTS 
IN CHEMISTRY—Continued 


Crucible Tongs, 9 in. 

Deflagrating Spoon, brass, 4 
inch. 

Dish, Crystallizing, 4 inch. 

Dish, Evaporating, 2 oz. 

Dish, Evaporating, 6 oz. 

Dish, Lead, 3 inch. 

File, Triangular, 5 inch. 

File, round, 5 inch, 

Filter Paper, 1 pkg., 5 inch. 

Flasks, F. B., two 4 oz. 

Flask, F. B., 8 oz. 

Flask, F. B., 16 oz. 

Funnel, glass, 23 inch. 

Funnel, glass, 4 inch. 

Gas Bag, with stopcock, 1 gal. 

Gas Generating Flask, quart. 

Glass Tubing, 1 lb., 3-16-4. 

Graduate, conical, 100 ce. 

Hand Balance, 5 inch beam, 
with weights. 

Hydrometer, for heavy liquids. 

Jar for Hydrometer, 12x23. 

Jar, Specie, for deflagration, 
two 1 quart size. 

Lamp, Alcohol, 4 oz. 

Mortar, Wedgewood, 3? inch. 

Pipette, Volumetric, 5 cc. 

Pipette, Volumetric, 10 cc. 

Pneumatic Trough, student’s. 

Reagent Bottles, 1 set of 24. 

Retort, glass, plain, 16 oz. 

Receiver for Retort, 8 oz. 

Reduction Tube for reducing 
metallic oxides. 

Retort Stand, 3 ring. 

Rubber Tubing, 6 feet, + inch. 

Sand Bath, 4 inch. 

Spatula, steel, 4 inch. 

Stirring Rods, 3, 5x3-16. 

Test Glass, 2 oz. 

Test Tubes, 2 dozen, assorted. 

Test Tubes, 1 dozen, 6x3. 

Test Tube Brush, sponge end. 

Test Tube Holder, wire. 

Test Tube Support, 13 tubes 
with drying pins. 

Thermometer, Paper Scale, 
110°C. 


Thistle Tubes, Two. 

U Tube, 6 inch. 

Watch Glass, 24 inch. 

Watch Springs, for burning in 
oxygen, } dozen. 

Wire Gauze, 4x4. 4 

Woulff Bottle, 3 neck, pint. 


2b. Acetic Acid. 

1lb. Hydrochloric Acid. 
1lb. Nitric Acid. 

loz. Oxalic Acid. 

2 lbs. Sulphuric Acid. 

loz. Tartaric Acid. 

1 oz. Ammonium Carbonate. 
20z. Ammonium Chloride. 
3 lb. Ammonium Hydrate. 
loz. Ammonium Nitrate. 
loz. Ammonium Sulphide. 
4 pt. Alcohol Methyl. 

20z. Alum. 

20z. Animal Charcoal. 
loz. Antimony. 

loz. Arsenic Trioxide. 
loz. Barium Chloride. 
loz. Barium Nitrate. 

loz. Borax. 

+]b. Calcium Carbonate 

(marble). 

20z. Calcium Chloride. 

2 0z. Calcium Fluoride. 
+lb. Calcium Sulphate. 
loz. Carbon Bisulphide. 
loz. Cobalt Nitrate. 

40z. Copper Sulphate. 
20z. Ether. 

20z. Ferrous Sulphate. 

8 oz. Ferrous Sulphide. 
40z. Gall Nuts (powdered). 
4 oz. Gun Cotton. 

+ oz. Iodine. 

2o0z. Galena. 

loz. Lead Acetate. 

40z. Lead Oxide (red). 
40z. Lead Monoxide. 

40z. Litmus (best cubes). 
12in. Magnesium Ribbon. 
4 oz. Magnesium Sulphate. 
11lb. Manganese Dioxide 


(powdered). 
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LIST OF APPARATUS AND MATERIAL FOR EXPERIMENTS 
IN CHEMISTRY—Continued 


Potassium Nitrate. 
Potassium Permanga- 
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Mercury. 


Mercuric Chloride. 
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Mercuric Oxide. 


Platinum Wire. 
Phosphorus. 


Potassium (metallic). 


Potassium Bichromate. 
Potassium Bromide. 


Potassium Carbonate. 


Potassium Chlorate. 


Potassium Chromate. 


Potassium Cyanide. 
Potassium Ferricyanide 
Potassium Ferrocyanide 
Potassium Hydrate 

(sticks). 
Potassium Iodide. 
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Potassium Sulphate. 
Silver Nitrate. 
Sodium (metallic). 
Sodium Acetate. 
Sodium Carbonate. 
Sodium Hydrate 
(sticks) 
Sodium Hyposulphite. 
Sodium Sulphate. 
Sodium Phosphate. 
Strontium Nitrate. 


Sulphur Roll. 


Zine for making Hydro- 


gen. 


CORRECTIONS OF BAROMETER READINGS FOR 


TEMPERATURE 


Glass Scale (Bunsen) mm. lo be Deducted 


ic } | 
He 
a Ai eet? 2 Soir GAS 5° 6° Te Sov te O 2 10° 
a | 
3% . 
i =e ——— - aS 
mm, 
700 | 0.120} 0.240] 0.359] 0.479| 0.599] 0.719! 0.838] 0.958] 1.078| 1.198 
705 | 0.121} 0.241} 0.362 | 0.483 | 0.603} 0.724] 0.844] 0.965] 1.0861 1.206 
710} 0.121} 0.243} 0.364} 0.486! 0.607/ 0.729] 0.850] 0.972) 1.093] 1.215 
715 | 0.122 | 0.245} 0.367] 0.489] 0.612! 0.734] 0.856] 0.979 | 1.101] 1.223 
720} 0.123 | 0.246) 0.370) 0.493] 0.616] 0.739] 0.862] 0.986] 1.109] 1.232 
725 | 0.124 | 0.248} 0.372] 0.496} 0.620! 0.744] 0.868] 0.992] 1.116] 1.240 
730 | 0.125 | 0.250} 0.375 | 0.500 | 0.625| 0.749| 0.874] 0.999] 1.124] 1.249 
735 | 0.126} 0.252] 0.377] 0.503, 0.629; 0.755] 0.880] 1.006] 1.132] 1.258 
740 | 0.127 | 0.253} 0.380} 0.506; 0.633 0.760] 0.886] 1.013| 1.140] 1.266 
745 | 0.127] 0.255 | 0.382} 0.5/0] 0.637) 0.765/ 0.892] 1.020| 1.147] 1.275 
750 | 0.128 | 0.257 | 0.385 | 0.513 | 0.642] 0.770| 0.898 | 0.027] 1.155] 1.283 
755 | 0.129] 0.258] 0.388) 0.517| 0.646) 0.775] 0.904] 1.033 | 1.163| 1.292 
760 | 0.130 | 0.260} 0.390! 0.520} 0.650! 0.780} 0.910] 1.040 1.170] 0.300 
765 | 0.131 | 0.262) 0.393 0.524| 0.654| 0.785] 0.916] 1.047] 1.178] 1.309 
770 | 0.182 | 0.264] 0.395 | 0.527] 0.659} 0.790] 0.922] 0.054! 1.186] 1.317 
775 | 0.133 | 0.265 | 0.398 | 0.530} 0.663 | 0.796] 0.928] 1.061| 1.193] 1.326 
780 | 0.133} 0.267] 0.400; 0.534/ 0.667! 0.801] 0.934) 1.068/| 1.201] 1.335 
785 | 0.134] 0.269] 0.403 | 0.537| 0.672] 0.806] 0.940] 1.075! 1.209] 1.343 
790 | 0.135 | 0.270| 0.406; 0.541! 0.676) 0.811] 0.946] 1.081| 1.217] 1.352 
795 | 0.136 | 0.272] 0.407; 0.544) 0.680 0.816] 0.952] 1.088] 1.294] 1.360 
800 | 0.137 | 0.274] 0.411) 0.548! 0.684 | 0.821] 0.958 | 1.095| 1.232] 1.369 
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FUNDAMENTAL CHEMICAL LAWS 


Scientific laws are statements of facts which have been estab- 
lished by direct experiment. 

Boyle’s Law for Gases.—At a constant temperature the volume 
of a given quantity of any gas varies inversely as the pressure to 
pivch the gasissubjected. This idea is expressed in the following 
ormulae: 


PV = a constant, or P|=1/V, or V=1/P, or PV= PiVi 


The Law of Combining Weights.—If the weights of elements which 
combine with each other be called their ‘‘combining weights,” then 
elements always combine either in the ratio of their combining 
weights or of simple multiples of these weights. 

Law of Definite Proportions.—In every sample of each compound 
substance the proportions by weight of the constituent elements 
are always the same. 

Dalton’s Law of Partial Presswres.—The pressure exerted by a 
mixture of gases is equal to the sum of the separate pressures which 
each gas would exert if it alone occupied the whole volume. This 
fact is expressed in the following formula: 


PV =V (pi+p2+ps, etc.) 


Faraday’s Law.—The amounts of decomposition effected by the 
passage of equal quantities of electricity through them are, for the 
same electrolyte equal, and for different electrolytes are propor- 
tional to the combining weights of the elements or radicles which 
are deposited. 

Gay Lussac’s Law for Gases (or Charles’ Law).—At a constant 
pressure, the volume of a given quantity of any gas, increases about 
1/273 of its volume at 0°C. for each rise of 1°C. and at constant 
volume the pressure of a given quantity of any gas increases about 
1/273 of the pressure at 0°C. for each rise of 1°C. in temperature. 

Gay Lussac’s Law of Combining Volumes.—lf gases interact and 
form a gaseous product, the volumes of the reacting gases and the 
volumes of the gaseous products are to each other in very simple 
proportions, which can be expressed by small whole numbers. 

Hess’s Law of Constant Heat Summation.—The amount of heat 
generated by a chemical reaction is the same whether reaction 
takes place in one step or in several steps, or all chemical reactions 
which start with the same original substances, and end with the 
same final substances, liberate the same amounts of heat, irre- 
spective of the process by which the final state is reached. 

Henry’s Law.—The amount of gas which a liquid will dissolve 
is directly proportional to the pressure of the gas. This holds for 
all gases which do not unite chemically with the solvent. 

The Law of Mass Action.—At a constant temperature the product 
of the active masses on one side of a chemical equation when 
divided by the product of the active masses on the other side of the 
chemical equation is a constant, regardless of the amounts of each 
substance present at the beginning of the action. 

Law of Multiple Proportions.—Two elements may combine in 
more than one proportion by weight but if so, the weights of one 
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element which combine with a fixed weight of the other element, 
are always in a simple ratio to each other. 

The Periodic Law.—The physical and chemical properties of the 
elements are functions of their atomic weights and most of these 
properties are periodic functions of the atomic weights. 


FUNDAMENTAL CHEMICAL THEORIES 


A scientific hypothesis is an endeavor to form a rational mental 
picture of the causes which lead to a group of observed facts even 
though these causes may not be subject to direct proof. 

A scientific theory is an hypothesis whose consequences have 
been so thoroughly tested by experiment, that it has become 
generally accepted as the correct explanation for a group of facts. 

The Atomic Theory.—All elementary forms of matter are com- 
posed of very small unit quantities called atoms. The atoms of a 
given element all have the same size and weight. The atoms of 
different elements have different size and weight. Atoms of the 
same or different elements unite with each other to form very small 
unit quantities of compound substances called molecules. 

Avogadro's Theory.—Equal volumes of all gases under the same 
conditions of temperature and pressure contain equal numbers of 
molecules. 

The Electrolytic Dissociation or Ionization Theory.—When an 
acid, base or salt, is dissolved in water or any other dissociating 
solvent, a part or all of the molecules of the dissolved substance are 
broken up into parts called ions, some of which are charged with 
positive electricity and are called cations, and an equivalent 
number of which are charged with negative electricity and are 

called anions. 

_ Electrolytic Solution Tension Theory (or the Helmholtz Double 
Layer Theory).—When a metal, or any other substance capable 
of existing in solution as ion is placed in water or any other dis- 
sociating solvent, a part of the metal or other substance passes 
into solution in the form of ions, thus leaving the remainder of the 
metal or substance charged with an equivalent amount of electric- 
ity of opposite sign from that carried by the ions. This estab- 
lishes a difference in potential between the metal and the solvent 
in which it is immersed. 

The Electron Theory.—An atom of any element consists of a 
definite number of unit negative charges of electricity moving in 
aoe poe the atom with velocities which approach the velocity 
of light. 


DEFINITION OF CHEMICAL AND PHYSICAL TERMS 


Absolute zero is that temperature at which a gas would show no 
pressure (or no volume) if it obeyed Gay Lussac’s law for gases 
under all conditions (i.e., 273°C.). 

An acid is any substance which yields hydrogen ions. 

An adiabatic expansion is an expansion of a gas which occurs 
in such a way that heat is neither given off nor absorbed during 
the process. 


17 


HANDBOOK OF CHEMISTRY AND PHYSICS 


The active mass of a substance is the number of gram-molecular- 
weights per liter in solution, or in gaseous form. 

Adsorption. The ability of a solid to condense gases, liquids, 
or dissolved substances on their surfaces is called adsorption. 
It is a manifestation of the force of adhesion. 

An atom is the smallest unit quantity of an element that is cap- 
able of entering into chemical combination. 

An ampere is a rate of flow of electricity equal to one coulomb 
per second. 

A base is any substance which yields hydroxy] ions. 

A balanced or reversible action is one which can be caused to 
proceed in either direction by-suitable variation in the conditions 
of temperature, volume, pressure or of the quantities of reacting 
substances. 

A British Thermal Unit or B.T.U. is the quantity of heat re- 
quired to raise the temperature of 1 pound of water 1°F. 1 Large 
Calorie equals 3.9683 B.T.U. 

The small calorie is the amount of heat required to raise 1 gram 
of water from 15° C. to 16° C. Symbol cal. 

The Large Calorie is equal to 1000 small calories. Symbol Cal. 

The Average Calorie is the amount of heat required to raise 1 
gram of water from 0°C. to 100°C. under a pressure of 760mm. It 
is equal to nearly 100 calories. Symbol K. 

A Catalytic Agent is a substance which by its mere presence 
-alters the velocity of a reaction, and may be recovered unaltered 
in nature or amount at the end of the reaction. 

A Colligative property is a property which is numerically the 
same for a group of substances, independent of their chemical 
nature, 

A Constitutive Property is a property which depends on the 
constitution or structure of the molecule. 

A Cryohydrate is the solid which separates when a saturated 
solution freezes. It contains the solvent and the solute in the 
same proportions as they were in the saturated solution. 

Coulomb is that quantity of electricity which will deposit 
1.118 milligrams of silver from a solution of a silver salt. 

A Combining weight of an element or radicle is its atomic 
weight divided by its valence. 

A Eutectic is that alloy of two or more metals which has the 
lowest melting point. 

The Hydrogen Equivalent of a substance is the number of re- 
placeable hydrogen atoms in 1 molecule or the number of atoms 
of hydrogen with which 1 molecule could react. 

The Heat of Combustion of a substance is the amount of heat 
evolved by combuation of 1 gram of the substance. 

An Ion is a charged atom or group of atomsin solution. Solu- 
tions always contain equivalent numbers of positive and negative 
ions. 

A Kilowatt is equivalent to 1000 watt-hours. 

A Molecule is the smallest unit quantity of matter which can 
ey by itself and retain all the properties of the original sub- 
stance, 
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A Molar Solution contains 1 gram molecular weight of dissolved 


substance per liter of solution. 


Normal Solution contains 1 gram molecular weight of dis- 
solved substance divided by the hydrogen equivalent of the sub- 
stance, per liter of solution. 

An Ohm is a resistance equal to that of a column of mercury 
106.3 cm. long and 1 sq. cm. cross section at 0°C. 

Oxidation is any process which increases the proportion of oxygen 
or acid forming element or radicle in a compound. 

Reduction is any process which increases the proportion of hydro- 
gen or base forming elements or radicle in a compound. 

A Salt is any substance which yields ions, other than hydrogen 
or hydroxyl ions. 

The Solubility Product or precipitation value is the product of 
the concentrations of the ions of a substance in a saturated solution 
of the substance. 

A Volt is the intensity or electromotive force which will cause a 
flow of 1 ampere through a resistance of 1 ohm. 

A Watt is the power to do the work, which is possessed by a cur- 
rent of 1 ampere with an intensity of 1 volt. 

A Watt-Hour is the work equivalent to a current of 1 ampere at 
1 volt, flowing for 1 hour. 
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PHYSICAL CONSTANTS OF THE ELEMENTS 


. Pie aF | 8 
fe] = “ & 9 & a 
g = eee fe be at Si) a am 
NAME | DERIVATION | £ oesg ad al 3é 3 Do 
13} ge | Eaua |ES| ge] Be | sees 
(31 22] 88k | ou ae| 88 | eeu 
lh] 8? A (Beis! ga | fe 
ja| < & a ie a |e 
1. Aluminum..| L. alumen, 2.588 e 
alum....... at 4°C 324000 | .3435 
2. Antimony. .| LL. antimo- 
(stibium)} nium...... 6.62 27100 | .0442 
8: Argon, gals}. i.cceansacseu 2D ic JP el et del HE) 
19.96 D Sacaaia' ais} 
4, Arsenic, 
Amorph..| L. arsenicum 4.716 at 14°C. . 28600 |........ 
5. Barium..... ao ante A 
6. Bismuth.... é (ackuowsl Aa ven eae ins Ope toc to aaa 
origin)..... i 9. 7474 9260 
7. Boron.......| borax........ CA ae ae en PSU lee Pr aeiacel Pear - 
8. Bromine, 
Gas.ct.353 


9. Liquid... 
10. Cadmium. . 


11, Caesium.... 


12. Calcium.... 


13. Carbon 

14, Amorph 
15. Graphite 
1 Diamond.| 
17. tum..... 
18, si e. 


Gr. bromos 
stench...... 


| Planet Ceres.| C 


Gr. chloros, 


..| Gr. chroma, 
Color. i vee. | 


goblin..... } 


21. Columbtum| Columbia 


(niobium) | 


L. fluor, flow . 


5.8691 at 60° A’. 


3.1883 at 0° 


8.642 at 17°C. .0548 
.87 at 20° C. |.04817 


1.145 


1.75-2.10 
2.10-2.58 
3.47-3. 558 
7.0424 


2.491 at O° A 


6.92 at 20° C. |, 


8.718 


1.31 A at 15° | 
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4 3 eae | | 
8 ei 
ER & ome * | 
BA Seas eB 
ok Oe ea eee 8 | py wHom | WHERE AND HOW FOUND 
| oO | @} 
os et Ae Pane 
pee aw a Bae ao 
a | h | 
ESOS SS Coat AO Sache (1 RR Mee aa PC a 
at°C i | 
00002313 40} 657 2200 1828 Wohler | In Lucent rocks (the most abundant 
j { ti 
/ i { | i 
00001152 40 630 | 1600 1450) Valentine | Chiefly as sulphide and fn various 
| | metallic ores. 
| —186.1 |1894| Rayleigh 
| | and 
Nee aici sthos ou a Ramsay | Rare element in the air. 
| i i 
| 360 |1604, Schroder Native, as sulphide and in various 
| | metallic ores. 
| | | 
| 950 | 1808) Davy | In barite and witherite. 
| 1435 | 1450 Valentine | Native as sulphide and in rare 
| i | minerals, 
| vol. 3500 | 1808) Davy In borax and various minerals. 
| | i 
| 
I erdeldia states 1828) Balard Mainly in sea water and other nat- 
ural brines. 
58.7 a Menon aioe 
| 778 | 1817; Stromeyer | In small amount In zine ores. 
| 670 _|1860) Bunsen In lepidolite, pollucite and mineral 
|. Springs. 
Patwaarcnne 1808) Davy | In limestone and abundantly other 
| | rocks, 
| 
3500 ..| Prehistoric In coal, limestone and all organic 
| matter. 
3500 sae 
3500 |....| | 
reenter 1803) Berzelius ‘In cerite and other rare minerals, 
—33.6 |1774; Scheele | In common salt (NaCl) and other 
| | chlorides. 
ties Stee pan te 1797; Vauquelin | Mainly in chrome-iron ore. 
Saeeeee 1773) Brandt In many metallic ores. 
riviera uronscts {1801 Hatchett ‘In columbite and other rare min- 
| __erals. 
2100 Prebistorio| Native and in many ores, 
ig Mosander | In rare minerals as gadolinite, ete. 
‘771 Scheele In fluorite (CaF2) and other min- 
| erals. 
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26. Gadolinium |Gadolin, a | 
Russian | 
chemist. ...) Gd} 157.8 | 1.31 == |...... 8 ivetvas sie 
27. Gallium....| L. Gallia, 
France..... Ga) 69.9 | 5.95 at 24 |.079 Bhs Ai ra eis 
28. Germanium) L. Germania 
Germany..|Ge| 72.5 | 5.469 at 20 OTST) 4 ole ne s[r eaten 
29. by ee | 
erylium)) Gr. glykys, | } 
rae ek GLP OVI IUS5 ata. eee: y had en esiags eA, 
30. Gold....... Aurum peed | 
Anglo-Saxon| Au} 197.2 | 19,32 '.0136 3 468000 
31, Helium,Gas!..o.0..05..... \He| 3.99) 0.1868 A |... oi osieearatacate i 
32. Hydrogen, i j | 
Gas....... Gr. water- |__| | 
| forming....;H | 1.008) 0.06949 A 3.41 Ase hee ‘ 
33. Indium..... From its | } 
Indigo | 
| Spectrum |In/114.8 | 7.12 .0569 3 119500 |....... 
34. Iodine, solid) Gr. Todes | 
violet. ..... I | 126.92 | 4.948 at 17 -0541 Be esol Cae 
35. Iridium, | 
cryst..... L. iris, a rain-| j 
bow........ Ir | 193.1 | 22.42 Ay JO a. So SOS SS 
36. Iron, pure..| L. ferrum | 
| Anglo-Sax- ; | 
| oniron....| Fe| 55.85 | 7.85 -1162 2 or 3 131000 
37. Krypton, ; | | : : j 
mdeaeinbeltainalatim ome Nias i Kr: 82.9) | 2.818. Ay. ficesss YL) Scere i |. cpt : 
38. Lanthanum | Gr, lanthano | 
conceal.... | La| 139.0 | 6.1545 i tee eae Mice 
39. Lead. ...... | L. plumbum| Pb) 207.1 | 11.34 -0310; 2 | 50400) . | 
40. Lithium....; Gr. lithos, 
stone...... Li; 6.94 0.534 at 20 8366 1 119000 | ..... 
41. Magnesium.) Magnesia, 
district in |__| 
| Thessaly..|Mg) 24.32) 1.72 .2456 | 2 | 230000 
42. Manganese.| L. magnes, 
magnet Mn) 54.93 | 7.42 1217 ers 
| | | OF B [once ces pene 
| | 
43. Mercury....| Hydrargy- | 
Ris ane Hg) 200.0 | 13.5953 peat lor2 10630 
| . 
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LINBAR COEFFI- 
CIENT OF EXPAN- 


BION 


/ 
{ 
} 


BOILING Pornt °C. 


1 
t 
i 
BY WHOM | 


WHERE AND HOW FOUND 


Ce dndscese 


red heat | 1863) 
| 185.5 |1811 


Sets Sere 1803 


Zistoface Aine 1895) 


Rats ete 1774) 


$57.38 |... 


.| Prebistoric 


—252.5 |1766| Cavendish | 


| Mosander 
. Prehistoric 


Marignas 


Bolsbau- 
dran 
Winkler 


Wohler 


Ramsay 
and 
Travers 


Reich and | 
Richter | 
| Courtois | 


Tennant 


Arfvedson 


| 


Bussy 


Gahn 


Prehistoric 


In rare minerals as gadolinite, etc. 


In certain zinc blendes. 
In argyrodite a rare mineral. 


| In beryl and several rare minerals, 


Generally free, rarely combined in 
various ores. 


Rare element in the air and in the 
sun. 


Mainly in water and organic sub- 
stances. 


In certain zinc ores. 


Mainly in the ashes of seaweeds. 


Tn iridosmine. 


As oxide and sulphide and in 
nearly all rocks. 


| Rare element in the air. 


In cerite and other rare minerals. 
In galena (PbS) and other ores. 


In lepidolite, spodumene, and some 
rare minerals, 


In sea water magnesite and many 
rocks. 


In pyrolusite and many other min- 
erals. 


Native and in cinnabar (Hg8). 
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51. Palladium..) Planet Pallas} Pd| 106.7 | 11.65 .0592 |2 or 4| 97900 1683 
52, Phosphor- 
ous yellow} Gr. light- 
bearing....|P | 31.04) 1.8232 at 20 |.202 [8 or 5)........].......008 
53 peor 
GUS LOO salen cesadcete ath Ree ep aacoadn 2.296 34829) Bor Be a cn ]acce aan 
54. Platinum.. ‘|'Sp. platina..| Pt | 195.2 | 21.48 at 17.6 |.0323 |2 or 4; 91200 | . 1664 
55. Potasstum..| Eng. Potash| K | 39.10} 0.8621at 20 |.1662) 1 | 150500)....... ive 
fum....... Gr. prageos, 
green and 
didymos, 
twin....... Pry 18 6a ees Go) arcielehs sl waclttenem os 
BY, Radium, oi. fics.ccwsscrwne RRB BOG Palcare kena saic-[uclann Al rantotstad na Oke des 
58, Rhodium as Shey fone 
ieeewe en Rh) 102.9 | 12.1 VOBSO: | "Bi, Sarkentosten deere 
59. Rubidium, .! L. rubidivs, 
red. .| Rb) 85.45] 1.582at20 |...... bi tere Bac 
60. Ruthenium 
OEY Rhs sa eielaviue onsen eee Ruj 101.7 | 12.26 OGLE 3 3, clawatinnns tacts isi ite o 
61. Samarium. | Samarski, a 
Russian j 
savant..... Sm) 150.4 | 7.75 | Pee ie be eee Cerro p 
' 
| | 
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EH z g 
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88 S e a BY WHOM WHERE AND HOW FOUND 
ey a is 
age Ee Re aie 
4 oa 8 3 2 
a a a 
Natiaiiwick mwibenia re vatha 1782; Hjelm Mainly in molybdentte (MoS:). 
co bones Ree! 1885} Welsbach | In cerite and other rare minerals. 
—253 —243 1895) Ramsay 
and 
Travers | Rare gas in the air. 
DERE ibametasanes 1751) Cronstedt | Many metallic ores, 
—213 —195.5 172, Rutherford) In the armosphere and organic 
matter. 
OOO MEP Mec tetstereutac 1803; Tennant | In fridosmine and native platinum. 
| 
—233 —182.5 |1774| Priestley | Free in air (Forms one-half the 
earth’s crust combined). 
BO | Rey ear 1804, Wollaston pee and with platinum and 
gold. 
44.2 290 ch Brandt In bones and in apatite and many 
minerals. 
350-yel |.......... See Sere Sopioe te 
iGO) lastextaaster 1741, Wood. Mainly as native platinum in river 
gravels. 


63.6 757.5 |1807, Davy In wood ashes and many rocks. 


SiO eye |1885| Welsbach | In cerite and other rare minerals. 
pa taidae aalowlameaiaans 1903 arc ai fete 
STOO fete ani 1804) Wollaston | With platinum and iridosmine. 
38.55 696 1660) Bunsen In lepidolite, and some mineral 
springs. 
ROOG FL Goo cr cmal Seieeiesamaeain aan 


TaD In samarskite, cerite and other 
rare minerals. 
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ee Fea 
ea eee ha rae estne 
i } maa a < | ape o 
NAMB DERIVATION Lope cass a af i 3B 14 
g/ ge | Bese [aS / ee) EE 
19) go | BEE | ae | Sh! ae 
Aa teteae 5 & ea eae 
Danie’ —| = I 
62. Selenium, | ! ; 1 
mono- i 
elinic..... Gr. selene, 
moon...,.. Se | 79.2 4.47 at 25 
63. Silicon cryst| L. silex, flint} Si | 28.3 2.49 at 10 
64. Silver, 
argentum | Anglo-Saxon 
olfor..... Ag} 107.88) 10.53 
65. Sodium, | | 
natrium. .| Eng, Soda | Na} 23.00! 0.9375 at 13 
66. Strontium..| Strontian, a | 
town in | 
Sootland...|Sr| 87.63| 2.54 = {,.....) 2 | 40300 |,....... 
67. Sulphur, | 
rhombic. .| L. sulfur iS} 82,07} 2.06atO |.1798 /4 or 8.....05-],...0s00 
68. Tantalum. .| Gr. Tantalus| Ta| 181.0 | 14.49at16 |,03017) 5 | 60600 |........ 
69. Tellurium, 
cryst..,.. L. tellus, 
earth. ..... Te| 127.5 6.27  —-_ | 0475 4 or 6) 46600 ........ 
70. Terbium...| Ytterby, a | 
town in | i 
Sweden, 2-2) Th {j160.3 byccxesasapenn ie clamspes!| ibs dansesaes Seen 
71. Thallium...| Gr. thallos, | / 
budding 
twig....... |T1| 204.0 | 11.85  —},0826 |1 or 3) 56800 |........ 
72, Thorium, | 
cryst...... God Thor...) Th} 232.0 | 11.23 seceee| © feccceeesliawennn 
73. Thulium., ..| Thule 
Northland |Tm| 168.5 |.............0s-feesessfeeeeecleceee res 
74. Tin, gray | 
stannum.| Anglo-Saxon | Sn| 119.0 5.846 at 15 
75. Titanium...| L. Titanes, 
Sons of 
earth. ..... Ti; 48.1 3.543 L125 OF Ss cinsatneu tare 
76. Tungsten ‘otal 
olfra- | 
nium...., Sw., heavy 
stone -| W | 184.0 | 18.77 ROSE A1O.” tov pcsaaststavneem 
77. Uranium...| Planet . 
Uranus .../ U | 238.5 | 18.685 Ri? elie Ibe) BSA ayes Sater. 
78. Vanadium dess | 
Vanadis .| V 51.06} 6.025 at 15 0280)3 or 5 
79. Xenon, Zas.}......c.eeeees Xe| 130.2 BATA ic eeestl (ON Maen tenn mamen 
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a a cd f | BY WHOM WHERE AND HOW FOUND 
TE ae i ea: 
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i |——}_—_ iS 
at °C. | 
40; 175 690 1817| Berzelius | Mainly in sulphur as an impurity. 
1200 3500 1823) Berzelius |In quartz (SiOz) most abundant 
| element after oxygen. 
| 
| 961.5 | 2050 |...) Prehistoric) Native and in many ores. 
97.6 | 877.5 |1807 Davy | In common salt (NaCl) and many 
i | | rocks. 
} | 
| eres | 900 A rela . 1808 Davy In celestipe and strontianite 
114.5 444.6 |.,..| Prehistoric} Native and In many sulphides and 
| sulphates. 
PAU Pee ~....|1802} Ekeberg | In tantalite and other rare min- 
| : erals. 
452 1390 1782) Reichen- 
stein In several rare minerals. 
BME sche sista |seeeseeeesleeeseess- +1843} Mogander | In rare minerals as gadolinite. 


301.7 1280 1862) Crookes | In pyrites and in flue dust of sul- 
phuric acid works. 


MEY ss ccs poe xseis 1515 seseeeees+/1828| Berzeliug : In thorite and other rare minerals. 
BOs orga sisialcias emmlecan tanec aciies /1879| Cleve In rare minerals as gadolinite. 
tetrag- { 
onal 


232 1525 ....| Prehistoric | Mainly in cassiterite (SnOz), 


Wor eaeentes 3000 seeeeeee++|1789| Gregor Widely diffused in rocks and clays 
in small amounts. 


SAUD When ee te 1781| d’Elhujar j Mainly in wolframite(MnFeW0O,). 

BOG Toctns satis 1789) Klaproth | In pitchblend and other rare min- 
erals, 

rere Eo fete eee NA 1830| Sefstron | In eae and other rare min- 
erals. 


.| —140 —19.1 | 1895, peasy 
an 
Travers | Rare element in the air. 
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80. Ytterbium.| Ytterby, a | | 
townin | | | 
Sweden ...| Ybj 172.0 |.........-0.00.+ fe Gos 
81. Yttrium....) Ytterby, a 
| town in | H 
Sweden....| Y | 89.0 $.80at15 = |...... 
1 
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ect oe 
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ONE HUNDRED COMPLETED CHEMICAL EQUATIONS 


1. H. PtCls + 2KCl = 2HCl + K2PtCle 

2. KePtCle + heat = 2KCI + Pt + 2Ch 

ay KHC«H.0¢ + NaOH = KNaCiH.0¢ + H,0 

4. Na,O. + 2H,O = 2NaOH + H202 

50 2KMn0, + 4H.SO, ote 5H202 = 2KHSO,+ 2MnS0O, + 8H,O 
5 


7 2AuCl; + 3H,0, + 6N 20H = 6NaCl + 6H20 + 302 + 2Au 
8. sate + 2KOH + H.02, = 2KCl+ H.0 + MnO. (OH): 
9. 2 
9. BNICl, + 4KOH + H,0, = 4KCl + 2Ni (OH); (black) 
10. 2CoClz + 4KOH + H,O2 = 4KCl + 2Co (OH); (black) 
11. MgCl. + NaszHPO, + NH; = 2NaCl + MgNH.PO; 
12. 2BaCl, + K2Cr.07 + H.O = 2BaCrO, + 2HCl + 2KCl 
13. AICI; + 3KOH = 3KCI + Al(OH); 
14. Al (OH)s + 3KOH = 3H;0 + Al(OK); 
15. 2AICl; + 3Na2S.0. + 3H,0 = 6NaCl + 38 + 3802 + 2Al | 


(OH), 
16. ‘2CrCl; + 3(NH,).S + 6H.0 = 6NH,Cl + 3H2S + 2Cr(OH)s 
ne ee + 8NaC-.H;0, + 4H.0 + 3Cl = 6NaCl + 8HC2H;30: 
+ Na: 
18. 2CrCl; + 83MnO; + 2H20 = on + 2H2CrO, 
a K.Cr,07 + 2KOH = H.O + 2K2CrO, 
20. K:Cr207 -+ 6FeSO, + IE a 7H:,0 + K.80, + 3¥F es 
600s =F Uae as 
KC T20 at 6HI aad 4H.SO, = K:SO, + Cre(SO4)s+ 7H,0+ 61 
oy K2Cr.0;7 + 14HCl = 2KCl + 2CrCl; + 7H:0 + 3Cl. 
23. FeCl, + 2KCN = 2KCl + Fe(CN),: 
24, FeCN2 + 4KCN = K,[Fe(CN)6.] 
25. FeCl; + 3NaC.H;02 = 3NaCl 4- Fe(C2H302)s 
x Fe C2H302)3 — 2H,0 = 2HC:H;0. ae Fe(OH)>:(C2H302) 
7. Kal ae + 6H.SO, + 6H,0 => 2K.80,4 + FeSO, “+ 
3(Nity.40. +6 
28. 2MnO» + SHicl = 4H.0 + 2MnCl. + 2Cl, 
29. 2MnSO, + 5PbO.2 + 6HNOs = 2PbSO, + 3Pb(NOs)2 + 2H20 
+ 2HMn0, 
30. 2HMnO, + 14HCI = 80,0 + 2MnCl. + 5Cls 
31. MnSO, + 2Na.CO; + Oz = 2CO, + NasSO,4 + NasMnO, 
32. 2KMn0O, + 10FeSO, + 8H.SO, = K,SO, + 2MnSO, + 5Fe. 
ras + 8H,0 
2KMn0O, + 3MnSO, + 2H.0 = K2SO, + 5Mn0O,z + 2H2SO« 
a, NiCl, + 6NH: = Ni(NHs).Cl. 
35. NiCl, + 2KCN = 2KCl + Ni(CN), 
36. Ni(CN)2 + 2KCN = K.Ni(CN), 
ite CoCle + 2KNO, = Co(NOz)s a 2KCl 
38. Co(NO2)2 + 2HNO. = H:0 + phe + Co(NO2)s 
39. Co(N' O2)s 3KNO, = K;Co(N O2)¢ 
40. 3Zn + 8HNO; = ee a 4H.0 + 2NO 
41. Zn + 2KOH = K2ZnOg ar! 
42. Zn(OH): + 2NH,Cl + 4NH, = Zn(NH3)sCl, + 2H:0 
43. ZnCl, + 2KCN = 2KCl + Zn(CN), 


(S05. 
68. 


HANDBOOK OF CHEMISTRY AND PHYSICS 


. Zn(CN)2 + 2KCN = K2Zn(CN), 

. 8Hg + SHNO; = 3Hg(NO;). + 4H.0 + 2NO 

. HgCl, + 2NH; = NH;Cl + HgNH.Cl 

. 8HgCl, + 2H.8 = 4HCl + He,Cless (white) 

. Hg:ClS, + HS = 2HCl + 3HgS 

. 3Hg(NOs)2 + 6FeSO, = 2ie(NOs)s SE ta e2(SOx)3 + 3H¢g 
. 2HgCl + 2NH; = NH.Cl + HgNH.Cl + Hg 

. Hg:(NO3;)2 + H2S = 2HNO; + HeS + Hg 

. Hgo(NOs)2 + 2KCN = 2KNO; + He(GN)s + Hg 

. Pb(NOs3)2 + 2KOH = Pb(OH). + 2KNO; 

. Pb(OH), + 2KOH = K,PbO2 + 2H:20 

. 2PbCl, + HS. = 2HCI + PbClh.PbS (orange) 

. PbCi,. PbS + H.S = 2PbS + 2HClI 

. 83PbS + SHNO; = 3Pb ete c 4H,0 + 2NO + 35 
. BiCl; + H:O = 2HCl + BiO 

. SnCl, + 2KOH = 2KCI + Sn (OH), (white ppt.) 

30. Sn(OH)2 + 2KOH = K28nO2 + a0 (soluble) 

. BiCl; + 6KOH = 2Bi(OH); + 6KC 

. 2Bi(OH); + 3K2S8n0, = 3H.0 + BISn0y Fars Bi, (black) 
. 3Cu + 8HNO; = 4H:0 + 3Cu(NOs)2 + 2N 

. Cu + H.SO, = H.O0 + SO. + CuO 

. CuO + H2SO, = CuSO, + 1.0 

5 2CuSO, + 2NH,.OH = (NH4)2SO4 + CuSO,. (OH): 


7. CusSO,(OH)2 + (NH,4)280, + 6NH; = 2[Cu(NHs)4] 
H.0O (soluble, blue) 
2Cu(NH;).80, . H.O + 9KCN = Cuz(CN) 3N Hy, fe K; + 


ee ae + 6NH; + H.0 + NH,CNO 


NOs)2 + 2KCN = 2KNO, fy sa Seat 


; CAtCN}. + 2KCN = K,Cd(CN 

. K,Cd(CN)4 + HLS = 2KCN + 2HON + Cds 

F H;AsO, + H.S = H,0 + iS} -- H;AsO3 

- H;AsO3 + 3H.S = 6H20 + As.S3 

3 ASoS3 + 3(NH,4)28 = 2(NH,)3AsS3 

5 2(NH4)3AsS3 + 6HCl = Nee = As.Ss3 + 3H.S 

5 AsoSs + 38(NH,)2S = 2(NH,)3sAsS 1 
. 2(N H,)sAsS4 + 6HCl = AsoSs5 + 3HLS + 4NH,CIl. Anti- 


mony reactions same as arsenic 


8. 3Sn + 4HNO; = H,0 + 3H.8n0; + 4NO 
. SnCl, + HS = SnS + 2HCl 

. Sn + (NH4)2S2 = (NIT )SnS, 

7 (NH,)2SnS; + 2HC = 2NHLCl + HS + Sn82 

. SnCl, +> 2H2S = Sas, + 4HCl 

. SnS: + (NH,)2S = (NH,).Sn83 

. SnOz. + 2KCN = 2KCNO + Sn (fusion) 

. 2Au + 2HNO; + 6HCI = 4H,0 + 2NO fr aa 
* 2AgNO;3 -}- 2KOH = 2KNO; + H,0 + a 

. AgsO + 2NH,OH = Antal + H; 

. AgCl + 2NH,OH = 2Ag(NH3).Cl 

. AgCl + 2KCN = KAg(CN), + KCl 

- 6NaOH + 3Cl, = 5NaCl + NaClO; + 3H20 

- HSO,+ 2HI = HO + H:2S8O; + Iz 
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93. H.SO, + 8HI = 4H.0 + HS + 41, 

94, 2N 228203 + I, = 2Nal + NagS,0¢ 

95. HsPO, + 12(NH,)2MoO, + 21H NO; = (NH;)sP0..12Mo0O3 
+ 21(NH,)NO; + 12H,0 

96. (NH,),PO, . 12MoO; + 24NH,OH = (NH,)sPO, + 12(NH4)2 
MoO; a 12H,O0 

97. 6FeSO, + 3H2S04 + 2HNO; = 3Fe2(SOx)s + 4H.0 oa 2NO 

98. Fe(NOs)2 + NO = Fe(NO3)2NO 

99. KCIO; + 3H2SO, + 6FeSO, = 3Fe2(SO.4)s + 3H,0 + KCl 

ae, Na,SiO; + 2NH.Cl + 2H,0 = 2NaCl + 2NH,OH + 
H,Si0; 


THE METHOD OF SOLVING CHEMICAL PROBLEMS 


Detailed solutions of a few typical problems are given below: 
The student should study these carefully, and assure himself that 
they are fully understood. 3 i 

1. A ‘‘chemical factor’? expresses the ratio between a specific 
quantity of a chemical compound and the equivalent quantity of 
some other body. For example, if it is wished to determine the 
weight of sulphur which corresponds to a specific weight of barium 
sulphate, the latter is multiplied by is factor, or ratio, repre- 

i ae 382.07 = 
sented by the fraction Baso, ° 233.50 0.1373. It may also 
238.5 32.07 
be expressed by the proportion BaSO; : S = wt. BaSO, : x, from 
which it is plain that ¢ = 3207 wt. BaSO.. 
Again, # ae wees of FeO in Fe,0; is desired, the factor 
2FeO _ 04 on 
becomes FeO; ~ 160.04 ~ coe ee the factor for the 
i < 18 ee ee et = 
conversion of KCl to K.0 is 2 KCl ~ 149.19 0.6320. The loga: 
rithmic equivalents of these values are called log factors. 

In the calculation of these factors, the atomic or molecular 
relations of the two substances must be kept clearly in mind; 
thus, it is plainly incorrect to express the ratio of ferrous to ferric 
oxide by the fraction ae since each molecule of the higher 

273: 
oxide must correspond to two molecules of the lower. Careless- 
ness in this respect is one of the most frequent sources of error. 

2. To caleulate the volume of a reagent required for a specific 
operation, it is necessary to know the exact reaction which is to 
be brought about, and, as with the calculation of factors, to keep 
in mind the molecular relations between the reagent and the 
substance reacted upon. For example, to estimate the weight of 
barium chloride necessary to precipitate the sulphur from 0.1 gram 


488.70 
of pure pyrite (FeS.), the proportion should stand 2BaCh. 2 H.O : 
120.16 
FeS: = 2: 0.1, where z represents the weight of the chloride 
required. Each of the two atoms of sulphur will form a mole- 
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cule of sulphuric acid upon oxidation, which, in turn, will require 
a molecule of the barium chloride for precipitation. To deter- 
mine the quantity of the barium chloride required, it is necessary 
to include in its molecular weight the water of crystallization, 
since this is inseparable from the chloride when it is weighed. 
This applies equally to other similar instances. 

If the strength of an acid is expressed in percentage by weight, 
due regard must be paid to its specific gravity. For example, 
hydrochloric acid (sp. gr. 1.12) contains 23.8 per cent HCl by 
weight; 7.e., 0.2666 gram. 

3. Norules for universal application to “indirect gravimetric 
analyses” can be laid down. A single example will be explained. 

Given a mixture of KCl + NaCl weighing 0.15 gram, which 
contains 53 per cent chlorine, to calculate the weight of KCl 
and NaCl in the mixture. 

The weight of chlorine in the mixture is (0.15 X 0.53) or 0.0795 
gram. Assuming that this chlorine was all in combination with 
potassium, the corresponding weight of KCl would be 0.1672 
gram (Cl : KCl = 0.0795 : 0.1672). This is an excess of 0.0172 
gram over the actual weight of the mixture, and it is plain that 
this difference is occasioned by the replacement of certain of the 
molecules of potassium chloride, weighing 74.56 units, by mole- 
cules of sodium chloride weighing 58.50 units. To express this, 
let it be supposed that the mixture is made up of 2 molecules 


74.56 
KCI and n’ molecules NaCl; then it may be said that » KCl + 
58.50 74.56 74.56 
n' NaCl = 0.15 gram, and n KCl + n’ KCl = 0.1672 gram, then 
by subtracting the first equation from the second it is shown 
74.56 58.50 
that n’ (KCI — NaCl) =0.0172 gram. That is, the difference in 
. weight is equal to n’ times the difference in the molecular weights 
of the two chlorides. The actual weight of NaCl present (zx) is equal 


, ; pee ae. gen aaa 
to 58.50n’, or, since n 74.56 — 58.50” 58.50 74.56 — 58.50 
This may be expressed in the form (74.56 — 58.50) : 58.50 = 
0.0172 : x, from which z = 0.0626. The weight of NaCl subtracted 
from that of the mixture gives the weight of KCl. 

The weights of the chlorides may also be calculated Blgebea: 
4 2 3 35.45 45 
ically by solving the equations x + y = 0.15 and 74567 + 53.50 / 
= 0.0795, where x is the weight of KCl and y is the weight of 
NaCl in the mixture. 

4. It is sometimes desirable to weigh out such a quantity of 
substance for analysis, that the number of cubic centimeters of 
standard solution entering into the reaction shall represent di- 
rectly the percentage of the desired constituent. This may be 
readily done, by considering the relation of the solution to a 
normal solution and the atomic or molecular weight of the desired 
component. For example, suppose it is desired to calculate such 
a weight for K:COs in pearl ash, when a half-normal acid solution 
is used. Since half-normal acid and alkali solutions are equiva- 
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lent, and since by definition the half-normal K.CO; solution con- 
tains 34.55 grams per liter, each cubic centimeter of the acid solu- 
tion contains 34.55 grams per liter, each cubic centimeter of the 
acid solution must be equivalent to 0.03455 gram K2.CO;. Hence, 
100 cc. would neutralize 3.455 grams pure K,CO; and this becomes 
the desired weight of the pearl ash. Similarly the required weight 
of limonite where the iron (Fe) is to be determined by means of 
a deci-normal K,Cr.07 solution is 0.5602 gram. 

5. One of the most frequently recurring cases in volumetric 
analysis is that in which it is wished to express the value of a 
specific solution in terms of some substance other than that 
against which it has been standardized as for instance, the value 
of a permanganate solution which has been standardized against 
oxalic acid, in terms of iron. Although such problems appar- 
ently vary widely, there are common principles which can be 
applied to them all. These are stated below, and the student 
should assure himself that they are fully understood. 

Suppose, for example, it is desired to find the iron, value (Fe of 
a permanganate solution, of which 1 ce. is equivalent to 0.006302 
gram C,H,0, . 2H.0. 

From a comparison of the reactions it is seen that 10 molecules 
of ferrous sulphate and 5 molecules of oxalic acid each react 
with the same amount (2 molecules) of the permanganate. 
These two quantities being, then, equivalent to the same third 
quantity, must be equivalent to each other; in other words, 10 
molecules of ferrous sulphate and 5 molecules of oxalic acid 
have the same reducing power. But, as stated above, the value 
is desired in terms of metallic iron (Fe), not FeSO,, but as it is 
plain that 10FeSO, are equivalent to 10Fe, it is proper to make 
the proportion 


560.2 630.25 
10 Fe : 5C,H20,.2 HO = x : 0.006302 


in which x = 0.005602 gram. Here, again, as in example 2, it is 
necessary to include the water of crystallization in the molecular 
weight of the oxalic acid, as it is weighed with it. 

The same conclusion is arrived at, if we consider the relation of 
the solution to the normal. As given, it is deci-normal and must, 
therefore, be equivalent to a deci-normal solution of iron. From 
the equations cited, it is seen that 10FeSO,, unite with 50, there- 
fore each molecule is equivalent to 1 hydrogen atom in reducing 
power. The normal solution must, then, contain 1 gram-mole- 
cule of ferrous sulphate, or 56.02 grams Fe, and each cubic centi- 
meter of the deci-normal solution would contain 0.005602 gram, 
the value obtained above. 

Again, suppose the value of the same permanganate solution 
were desired in terms of molybdenum (Mo), the reactions with 
permanganate being 


5Mo;2019 + 17Mn,07 = 60MoO; + 34Mn0O, and 
5C,H.0, : 2H.0 == Mn,0;, = 2MnO + 10CO, + 15H.0. 
(Mn.0; is the anhydride of HMnO,.) 
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It is plain that in these equations as they stand, the molecular 
quantities of oxidizing agent are not equal. They can be made 
by simply multiplying the second equation by 17, and they then 

ecome, 


5Mo12019 + 17Mn.07 = 34MnO + 60M00s;, and 
oO ae + 17Mn,0; = 34MnO + 170 CO; + 
2VU. 


It is now possible to reason in the same way as before, and to 
conclude that 85 molecules of the oxalic acid have the same reduc- 
ing power as 5 molecules of the oxide Moi20;5, or 60 atoms of 
molybdenum. Accordingly, 

5758.8 10714.25 
60Mo : 85C.H204.2H20 : : x : 0.006302 


in which z 0.003387 gram. 

Since 5Mo;2.019 unite with 850, a normal solution of the former 
as a reducing agent, would contain 1/170 of the 5 gram-molecules 
or 33.87 grams Mo, and the deci-normal solution 3.387 grams per 
liter. This agrees with the values already obtained. 

6. It is sometimes necessary to calculate the value of solutions 
according to the principles just explained, when several succes- 
sive reactions are involved. Such problems may be solved by a 
series of proportions, but it is usually possible, after stating these 
to eliminate the common factors and solve but a single one. 

For example, suppose it is desired to express the value of a 
permanganate solution, of which 1 cc. = 0.008 gram iron (Fe), in 
terms of calcium oxide (CaO). The reactions involved in the 
volumetric determination of calcium are the following; CaCl + 
(NH4)2C.04 = CaC,0,4 + 2NH,Cl; CaC.0,4 be H.SO, + 2H.O eo! 
CaSO, -+- C.H.O, 4 2H,0; 5C.H.O0,4 Ps 2H.O + 2KMnO, + 3H2SO, 
Sa K,SO, + Mns0O, + 10CO, + 18H,0. 

_From the considerations stated under 5, the following propor- 
tions may be made. 
10Fe : 5C2H2O,4 3 2H,0 = 0.008 : x 
5C2H.0,4 + 2H.0 z 5CaC204 =r7:y 
5CaC.0, : 5CaO =y : x 
Canceling the common factors, there remains simply 
560.2 280.4 
10Fe : 5 CaO = 0.008 : z 


Similarly, from the reactions, the equivalent of the iodine liber- 
ated may be calculated in terms of MnOz as follows: Supposing 
the weight of iodine to be 0.5 gram then 

21 : 2KI=0.5: 2 

2KI: 2Cl=2: y 

2Cl :2HCl=y:¢ 

2HCl : MnO, =2 : w 
Canceling the common factors, there remains 


21 : MnO. =0.5 : w 
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To solve such problems as 5 and 6, it is necessary to know the 
reactions involved, and the way in which the various components 
break up; then to compare the reactions and to search for those 
molecular quantities of the compounds in question, which are 
equivalent in their action upon a common agent. Having found 
these, as shown above, express the molecular ratio between them 


‘ ‘ 253.7 86.99 

in the form of a proportion; as, for example, 2I : MnO2 = 0.5 : w. 
Expressed in the form w = oe 0.5, it is plain that this ratio is 
in no way different in principle from the chemical factor men- 
tioned in paragraph 1; indeed, it is the factor for the conversion 
of iodine to manganese dioxide. 


DENSITY OF WATER AT 0° TO 36° 


Weight in grams of 1 cc. of water free from air at temperatures of 
0 to 86°C. by the hydrogen thermometer—according to Thiesen, 
Scheel, and Diesselhorst Wiss. Abh. d. Phys.—Techn. Reichsanst. 
8, 68: 1900. 


TENTHS OF DEGREES 


DEGREES ] T 
0 0.1 | 0.2 | 0.3 | 0.4 | 0.5 | 0.6 | 0.7 | 0.8 | 0.9 
| | 
0 0.999868 | 874| 881/ 887| 893| 899/ 905| 911| 916| 922 
1 932) 936) 941 950 | 954! 957) 961} 965 
2 968 | 971| 974! 977/ 980| 982| 985| 987] 989) 991 
3 goo | 994| 995! 996) 997} 998| 999| 999 | #000 | *000 
4 1.000000 | 000} 000 | *999 | *999 | *998 | *997 | *996 | *995 | *993 
5 0.999992 | 990| 988] 986| 984 | 982| 979 | 974} 971 
6 | 986 | 965| 962] 958| 954! 951| 947) 943, 938) 934 
7 929 | 925) 920] 915| 910) 904) 809) 893 888) 882 
8 | 876 | 870| 864| 857) 851) 844/ 837) 830) 823| 816 
9 | 808 | 801| 793| 785| 778| 769| 761| 753| 744| 736 
10 727 | 718 709| 700| 601) 681) 672) 662) 652) G42 
11 632 | 622/ 612] 601) 501; 580) 569| 558) 547| 536 
12 525 | 513| 602| 490| 478| 466| 454| 442) 499| 417 
3 404 | 391| 379| 366| 353; 339) 326) 312| 209 
14 71 | 257| 243| 229/ 215] 200) 186| 171/ 156! 141 
15 111| 096) 081} 065| 050) 034) 018 | 002 | *986 
16 0.998970 | 953| 937] 920' 904] 887| 870| 853) 836| 819 
17 784| 766| 749| 731| 713) 695| 677| 659| 640 
18 | 622 | 603| 685| 566| 547| 528| 500| 490| 471| 451 
19 | 432 | 412| 392] 372) 352| 332| 312| 292! 271| 251 
20 230 | 210| 180! 168) 147| 126| 105| 083/ 062} 040 
21 *997 | *975 | *953 | *031 | *909 | *887 | "864 | *842 | *819 
22 0.997797 | 774} 751| 728| 705| 682| 659| 635| 612|. 588 
23 541 | 517| 493) 469| 445| 421, 396; 372) 347 
24 | 323 | 208| 273] 248) 223/ 108| 173 147| 192 
25 045 | 019 | *994 | *968 | *041 | *915 | *880 | *863 | *836 
26 | 0.996810 | 783| 756| 730] 703| 676 648| 621| 594| 6567 
27 | 512) 484) 456) 428) 400 372 316 | 288 
28 9 | 231| 202| 174] 145| 116] 087/ 058! 029 
29 | 0.995971 | 941/ 912| 882| 853) 823) 793] 763/ 733| 708 
30 0.99567 | 537| 505| 473 | 440| 406| 871| 336) 299| 262 
40 2 186) 147| 107) 066| 025 | *982 | *940 | *896 | *352 
50 | 0.98807 | 762) 715} 669| 621| 573, 525| 475| 425| 375 
60 | 272| 220 167) 113| 059| 005 | *950| *894 | *838 
70 0.97781 | 723| 666) 607| 548| 489, 429| 368/ 307| 245 
80 | 183 | 121] 057| *994 | *930 | #865 | *800 | *734 | *668 | *601 
90 | 0.96534 | 467, 399} 330| 261, 192 122! 051 | *981 | *909 
100 | 0.95838 =| 765) 698 | 
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COMPOSITION OF FREEZING MIXTURES 


Lowest 
temperature Composition of mixture 
LES CeO ere eae 30 grams salt (NaCl) 100 grams ice finely 
pulverized and well mixed. 
Tati y ded Bee ace re en Mbt Equal weights H.SO, and ice. 
—55°C...............42.5 parts anhydrous calcium chloride and 


100 parts ice. 
IONIZATION CONSTANTS OF ACIDS AND BASES 


POPTEGH ACL «UVP gehen ice MERON Uh Aree ape aie oereh ine 0.000214 
PRE BUC DACA ums nree con E i acne ering patie ane 0.000018 
RORLOTACCHIG ACO erate rs tates sine ee ai RD dae 0.00155 
EErIGCh OrRe Sule’ ACI cee ce tm ae Al feo 
RONZOIS A CIES. eiaie sites nue anitre ve cum ylube Lee eet M Ne 0.00006 
ATMNONMA, WV OLOSICS? 6) ih kc diem Was ae wislin acs sine 0.000023 
PATPONICTRUIO eco eae eta eae etd bal 0 .0000003040 
tity drogen sulphide 3\)-ho vee) oe wlislecw auieuile weoes 0.0000000570 
OTN C ONG: Cor retire ye rene ae be MUN ee Raa an Cen 0 .0000000017 
RI VAFOCVATICTACEE as. 4,0 veeiiuien uni tay eave! Geshe weet 0.0000000013 
MISCELLANEOUS DATA AND FORMULAE 
3.14159 


Radius of circle, R; its diameter, D; then D, 2R. 
The circumference, 2R; the area, QR. 

The radius of a sphere, R; the surface area, 4R. 
The volume, 4/3R. 

Area of a triangle of base, b; height, h; 1/2 bh 


ELECTROMOTIVE FORCE SERIES OF METALS 


Al Ba ef oh, Ui Bd Glee cept Ny eee, 0.148 
Mn ASIA EGU) 8 Ua OAc niek sea par hy Can a 0.000 
Pleeesie ee arate sie ek le atttase LUN APA UN J OW, ean eli a a 0.336 
EAN As ED Oa AG Bienes Sen teu 0.748 
LOG ae Fae oe sie rane sR EOS ry PAR Nasi rath Garse va ees 0.771 
Cty a iets ey a eee enn CUI AIBN 2: OG ae na RET 0.863 
LS Ae heen at OE eS (e720 ht) QAR HO eR REL SOW Harte a 1.079 
eee iriaty Beat ae ren ata 0.192 


TABLES SHOWING THE FUNCTIONS, USES AND 
COMPOSITIONS OF FOODS 


Functions and Uses of Food in the Body 
Protein.—Builds and repairs tissue: 
Albumen (white of eggs) 
Casein (curd of milk) 
Lean meat 
Gluten of grains 
Fats.—Are stored as fat: 
Fat of meats, butter, olive oil, oils of corn, wheat and other 
grains 
Carbohydrates —Are transformed into fat: 
Sugar, starch, etc. 


| aul serve as fuel to yield energy 
in the forms of heat and mus- 
cular power 
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Mineral Maiter of Ash——Share in forming bones and assist in 
processes of digestion. 
Phosphates of lime potash, soda, etc. 
Food is that which, taken into the body, builds tissue and 
yields energy. 
Dietary Standards 
For a man in full vigor at mpderate muscular work, per day 


| ENERGY 

— + 

calories 
Rood:eaten <5 \s.ctcsaien ners 3.500 
Food digested : | __ 8.200 

‘Majeral M aller Aebyated per Gage ) 

grams 
Phosphoric: acid, (P1035). 21-7) «en eee seins 3 to 4 
Sulphuric acid, (SOs ) Sascha Neee cael eer eee 2 to.3.5 
Potassium oxide, as ee orth Aah 2 Soe fe 2 to 3 
Sodium/oxide; (NasO).c.4a. ak ee eee 4 to 6 
Calcium oxide, (Cue) Ste eee AEE Geico eas 0.7 to 1.0 
Magnesium oxide, (MgO)......................-. 0.3 to 0.5 
Tron;. (PeyALA aes anise oe ee pin on eR eee 0. oe to 0.012 


Chiorings (Cerna seas nae cn aun eee 6 t 

These tables are compiled from charts of the Sreted States 
Department of Agriculture, prepared by C. F. Langworthy, expert 
in charge of nutrition investigations. 


| Tal Pee 
NAME OF THE FOOD MATERIAL | PROTEIN FAT | ba | ee | £38 
| Lae) og | EERE 
Ber cea Wp Me Ea es ath oe 

| 

ADDIS tar cece ore he ie 0.4/) 0.56 4.2 | 0.3 | 84.6 290 
Bacon. siscite ssc eres e | Oleee| | 4.4 | 18.8 | 3030 
Beelsuoti cnn eacevcteates | 4.7 | 81.8 | ' 0.3 | 18.2 | 3510 
Bitter ssc ceenteeeeae oe 1.0 | 85.0. , 9111.0 | 3410 
Buckwheat..............: 10.0] 2.2 | 73.2; «.0 | 12.6 | 1600 
Beefstesk: .c.cachck ore sacp 18.6 | 18.5 | 1.0 | 61.9 1130 
Buttermilk; S70. 5:2. eke 3.0} 0:5) 4.8; 0.7} 91.0} 160 
Bean, fresh shelled 9.4) 0.6) 29.1}; 2.0] 58.9: 740 
Bean, green string... 22:3 |) 0.31.-7.4 |. 0.8.) 89.2118 
Bean avy drys... 2-29. 22.5} 1.8 | 59.6} 3.5 | 12.6 | 1600 
Bananas ct cahoots 1.3 | 0.6 | 22.0} 0.8; 75.3 | 460 
Cod: fish, freshi.3.00...22-) 92:8) 0,4 | 1.2 | 82.6 | 325 
Cod fish, salt.......5..2.. (21.5) 0.3 | 24.7 | 58.5 | 410 
Corn, drieds. 025: saegisant 10.0| 4.3 | 73.4! 1.5 | 10.8 ; 1800 
Corns green: <0 ise hes 3.1} 1.1) 19.7} 0.7} 75.4} 500 
Gorn bread sv essa, asec... | 7.9} 4.7/ 46.3 | 2.2 | 38.9 | 1205 
Cream cheese............. 25.9 | 33.7 | 2.4] 3.8 | 34.2 | 1950 
Cottage cheese............ 120.9; 1.0; 4.3) 1.8] 72.0} 510 
OLA, <cchycatio Pontes | Sk DSO 45 10.6 740 Ree 
EES ES a |S eS 


$ 
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TABLES SHOWING THE FUNCTIONS, USES AND 
COMPOSITIONS OF FOODS—Continued 


ae ee! | aa 
be cept (a8, 
NAM®H OF THE FOOD MATERIAL PROTEIN FAT 6 Ps : a S 8 3 
3 hele RN Sa ape 
andy stick veo... 1-2: /96.5| 0.5) 3.0 1785 
WONOVY coiceaccs nels iced he key | 3.4] 1.0) 94.5} 85 
SOhesinutic core. ce setters ;10.7| 7.0) 74.2| 2.2) 5.9 | 1875 
Cocoanut, dried.......... | 6.3 \'57.4} 31.5) 1.3) 3.5 | 3125 
ried HOSE eee his face) sc 30.0| 6.6 | 9.1 | 54.3| 840 
Rigger whola te) tava, Guisaes 14.8 | 10.5 1.0 | 73.7} 700 
Bees INES Sac reer Weis erie 13.0) 0.2; 0.6 | 86.2) 265 
gg, yol | 16.1 | 33.3 | 1.1 49.5 | 1608 
ipdricds: teen Ame 4.3| 0.8} 74.2] 2.4/ 18.8 | 1475 
Fruit, canned........5..... } 1.1} 0.1 | 21.1} 0.5 | 77.2 | 415 
NGEADOS Aor c Gee nn iar ahha | 1.8] 1.6)19.2| 0.5 | 77.4 | 450 
Grape juice, unfermented! 0.2 7.41 0.2 | 92.2} 150 
Herring, smoked.......... | 36.4 | 15.8 13.2 | 34.6 | 1355 
PLONEY. ecu tnics tor nsnt nOee | 81.2 | 0.2 | 18.2 | 1520 
ely, Arabs. dues ces: 178.38} 0.7] 21.0 | 1455 
MPO tact ttcsk Te cies | 100.0 4080 
Lamb chop... ..<0si.c.. bs 17.6 | 28.3 1.0 | 53.1 | 1540 
prackerel os) css vdidain sees 18.3} 7.1 1.2 | 73.4 | 645 
IM ACSPONI = o6i-5<)5 2. snes ... 3.0} 1.5} 15.8} 1.3] 78.4} 415 
AVES, -WhOlG 355 ee. adie wwe 3.3] 4.0; 5.0} 0.7} 87.0] 310 
Milk, skimmed............ 3.4] 0.3; 5.1} 0.7) 90.5] 165 
Molasted.-.... 03-12-0000. 2.4 | 69.3| 3.2 | 25.1 | 1290 
WONG ce meite sso ite dele cee ty deat O10 1 6952 je 3. OuetL- Oupa7Ze 
ROMVO: Ollitis cae tc. n taco \100.0 4080 
Oyster } 6.2] 1.2} 3.7] 2.0| 86.9] 235 
CUI 5 ap tees am a 1.6} 0.3] 9.9| 0.6/ 87.6} 225 
BROPE CHOP; <5 eae dy when aes 16.9 | 30.1 1.0 | 52.0 | 1580 
PATONID:, (event ceva wee Leon) OLO-} dacO ty 2.47 83,0 1 230 
BPOUSUG ceca ve Oar ieee CRO eats 4 be Opbasseel be eoe 
BANU Gy cits waqiaiesn ass 25.8 | 38.6 | 22.4} 2.0) 9.2 | 2500 
Peanut butter............ 29.3 | 46.5 117.1] 5.0} 2.1 | 2825 
TES ay eek eee 112.2} 1.5| 73.9! 1.9} 10.5 | 1750 
REAUD:, cue ac ee ek | 8.0} 2.0] 77.0; 1.0} 12.0 | 1720 
Rolled oats, cooked....... | 2.2) 0.5] 11.5) 0.7 | 84.5] 285 
SEIDA ce ay aoe oe sath cs: | 2.6| 3.3] 76.1) 3.4) 14.6 | 1¢05 
Smoked ham..............| 16.1 | 38.8 | | 4.8 | 40.3 | 1940 
Sugar granulated......... | 100.0 | 1860 
Sugar, maple............. | $2.8! 0.9 | 16.3 | 1540 
SETA WHEEL oo cre sare nis ots 1.0} 0.6) 7.4) 0.6/ 90.4] 180 
Toasted bread............| 11.5 | 1.6 | 61.2| 1.7 | 24.0 | 1420 
Wheat...... 0.00... s.- es] 12.2; 1.7 | 73.7| 1.8) 10.6 | 1750 
BVRILO DPARU 3.12 bs\ ore 9.2} 1.3) 53.1} 1.1 | 35.3 | 1215 
Whole wheat bread....... 9.7| 0.9 | 49.7 : 1.3 | 38.4 
EUS Ti eae aap eek st 16.6 | 63.4 | 16.1 | 1.4] 2.5 


Volume at 0° and 750 mm. =» e 


adding the logs of » and ( 


v 
t 
P 


Hou dl 
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REDUCTION OF GAS. VOLUMES TO 0° AND 760 MM. 


observed volume of gas 
observed temperature of gas in degrees Centigrade 

observed barometric pressure, corrected, in millimeters 
p = tension of aqueous vapor in millimeters 
The logarithm of the volume at 0° and 76 mm. is obtained by 


jo 


1 
769 (1-40. 003: 


AQUEOUS 
VAPOR 


| 
| 
| 
“c, | 


i 


WOOD ENOORANOHARNOWARNOWARNOWODRNO 


CIE WNNH ODO MAND F 


SSSSASSESSNSSRRSLSSRESSSRSSNABHERS! 


4 


feat 


peek ek et tt 
PDNWODORNODOENODDRNODORNODOOE 


ee ell od 
aera ay 
Oe 


1 
760 (1 +-0,00367 2) 


) (and P—p). 


1 
me ae ee oe 
5g |S le |e 
3 i co) i 
a 3 a ij a s 2 
g wie 28a hee, 1) Bae 78x 
qd | gee a of | 8B2 
8 i | acs | @ i | Bas 
eet Se ts | Baars eee) tule 
| mm. | mm. 
3.10911 | 7.19) 12.8 | 3.09925 | 11.04 
3.10880 | 7.29) 13.0 | 3.09895 11.19 
3.10848 | 7.39) 13.2 | 3.09864 | 11.33 
3.10818 | 7.49) 13.4 | 3.09834 | 11.48 
3.10786 7.60) 13.6 | 3.09804 | 11.63 
3.10755 | 7.70) 13.8 | 3.09773 | 11.78 
3.10724 | 7.81) 14.0 | 3.09743 | 11.94 
3.10693 | 7.91) 14.2 | 3.09713 | 12.09 
3.10662 | 8.02) 14.4 | 3.09682 | 12.25 
3.10631 | 8.13) 14.6 | 3.09652 | 12.41 
3.10600 | 8.24) 14.8 | 3.09622 | 12.57 
3.10570 8.36, 15.0 | 3.09592 | 12.73 
| 3.10538 | 8.47] 15.2 | 3.09561 | 12.89 
| 3.10508 8.58 15.4 | 3.09531 13.06 
3.10477 | 8.70) 15.6 | 3.09501 | 13.23 
3.10446 | 8.82) 15.8 | 3.09471 | 13.39 
3.10415 | 8.94) 16.0 | 3.09441 13.57 
3.10384 | 9.06, 16.2 | 3.09411 ; 13.74 
3.10354 | 9.18] 16.4 | 3.09881 | 13.91 
3.10323 | 9.30) 16.6 | 3.09351 | 14.09 
3.10292 | 9.43] 16.8 | 3.09321 | 14.27. 
3,10262 | 9.55) 17.0 | 3.09291 | 14.45 
3.10231 | 9.68] 17.2 | 3.09261 | 14.63 
3.10200 | 9.81) 17.4 | 3.09231 | 14.82 
3.10170 | 9.94] 17.6 | 3.09201 | 15.00 
3.10139 | 10.07] 17.8 | 3.09171 | 15.19 
3.10108 | 10.21) 18.0 | 3.09141 | 15.38 
3.10178 | 10.34| 18.2 | 3.09111 | 15.58 
3.10047 | 10.48] 18.4 | 3.09081 | 15.77 
3.10017 | 10.62] 18.6 | 3.09051 | 15.97 
3.09986 | 10.76) 18.8 | 3.09021 | 16.17 
3.09956 | 10.90) 19.0 | 3.08992 | 16.37 
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i 


i= | TiS ae Le = | 
re afl 
j { i nD | | mn 
oo.) B alo |wowl *C. |e alo |eeel *C. | B nlc ee a 
| wf a OBO || 2B te OBO) | + oko 
4 2 | ee) ¢ | Bes) $ © | 8e4 
pe a aa MG A Sled) eae Lai Nhe 
| | mm. | | mm. | mm. 
3.08962 | 16.57) 24.6 | 3.08165 22.99) 30.0 3.07383 | 31.56 
3.08932 | 16.78) 24.8 3.08136 | 23.27) 30.2 3.07354 | 31.92 
19.6 | 3.08902 | 16.98) 25.0 3.08107 | 23.55) 30.4 3.07325 32.29 
3.08873 | 17.19) 25.2 | 3.08078 | 23.83, 30.6 3.07297 | 32.66 
3.08843 | 17.41) 25.4 | 3.08048 | 24.11) 30.8 3.07268 | 33.04 
3.08813 | 17.62) 25.6 | 3.08019 | 24.40 31.0 3.07239 33.42 
3.08783 | 17.84) 25.8 | 3.07990 | 24.69 31.2 3.07211 | 33.80 
3.08754 | 18.06) 26.0 | 3.07961 | 24.99 31.4 3.07182 | 34.19 
| 3.08724 | 18.28) 26.2 | 3.07932 | 25.28 31.6 3.07154 | 34.58 
3.08695 | 18.50) 26.4 3.07903 | 25.58 31.8 3.07125 | 34.97 
3.08665 | 18.73] 26.6 3.07874 | 25.89) 32.0 3.07007 | 35.37 
3.08635 | 18.96) 26.8 3.07844 | 26.19) 32.2 3.07068 | 35.77 
3.08606 | 19.19) 27.0 3.07816 | 26.50 32.4 | 3.07030 | 36.18 
3.08576 | 19.42| 27.2 | 3.07787 | 26.82 32.6 3.07011 | 36.59 
3.08547 | 19.66| 27.4 | 3.07758 | 27.13; 32.8 3.06983 | 37.01 
3.08517 | 19.90) 27.6 | 3.07729 | 27.45, 33.0 3.06954 | 37.43 
3.08488 | 20.14) 27.8 | 3.07700 | 27.78: 33.2 3.06926 | 37.85 
| 3.08458 | 20.39] 28.0 | 3.07671 | 28.10 33.4 3.06897 | 38.28 
3.08429 | 20.63] 28.2 3.07642 | 28.43 33.6 3.06869 | 38.71 
| 3.08400 | 20.88) 28.4 | 3.07613 | 28.77) 33.8 3.06841 | 39.15 
3.08370 | 21.14} 28.6 | 3.07584 | 29.10) 34.0 | 3.06812 | 39.59 
| 3.08341 | 21.39) 28.8 | 3.07555 | 29.44) 34.2 | 3.06784 | 40.03 
| 8.08312 | 21.65] 29.0 | 3.07527 29.78) 34.4 | 3.06756 | 40.48 
| 3.08282 | 21.91} 29.2 | 3.07498 30.13) 44.6 3.06727 | 40.93 
3.08253 | 22.18] 29.4 | 3.07469 30.48) 34.8 | 3.06699 | 41.39 
3.08224 | 22.45] 29.6 | 3.07440 30.84) 35.0 | 3.06671 | 41.85 
3.08194 | 22.72) 29.8 | 3.07411 | 31.19) 
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j 


A FOUND | REQUIRED | A 
B REQUIRED WEIGHED OR Factor |Logarithm,; Factor 
1 | 
a ae, | | 
27. ; 
AWOs susan. [PAL rccearets ees 0.53033 1.72455 1.8856 
K280 
2 4. 
| Ale(SO4)2 
H:0..... 9.28650 0.96785 0.10768 
Ammonium, i 
NH, 18,04 
HCl 1.46690 0. 16641 0.68169 
1.21530 0.08477 0.82268 
3.81870 0.58191 0.26187 
4.71620 0.67359 0.21203 
(NH4)2PtCle...... NEsso oss <2] 0.07673 2.88501 13.0320 
Antimony, | ; 
Sb 120.2 | | 
BHA Ne. arena 1.19970 | 0.07007 | 0.83355 
| 1.33280 0.12476 0.75031 
BbsSe.ccscehenccs | 0.71419 1, 85381 1.40010 
0.85680 1.93288 | 1.16720 
0.95185 1.97857 | 1.05060 
0.75756 1.87942 1.32000 
1.16162 0.06506 0.86088 
0.65230 1.81438 | 1.53330 
0, 60923 1.78478 1.64140 
0.80419 1.90536 1.24350 
0.48287 1.68383 2.07090 
0.63739 1, 80441 1.56890 
0.79259 1.89905 | 1.26160 
0.69611 1, 84261 1.43680 
. 0.02339 0.94757 
z 1.73396 1.84750 
é 1.76975 1.70100 
3 1.95054 | 1.12070 
04 0.01982 | 0.95539 
. 1.92714 | 1.18270 
, 0.04915 0.89299 
Pl 1.81760 1.52190 
4.48570 0.65183 0.22293 
1.11540 0.04743 0.89654 
0.80166 1.90399 1, 24740 
0.74083 1.86972 1.34980 
0.75053 1.87537 1.33240 
0.42556 1, 62896 2.34980 
0.43113 1, 63461 2.31950 
0.77802 1.89099 | 1.28530 
1.26870 0.10338 | 0.78817 
1.63640 0.21391 0.61107 


1.03215 


1,83359 
1.91523 
9.41809 
1.32641 
1.11499 


1.92093 
1.87524 
0.14619 
0.06712 
0.02143 


1.95257 
0.09601 
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| WEIGHED 9R 


A FOUND 


REQUIRED A | B 


fi 
| 
| 
| 
| 
| 


B REQUIRED | WEIGHEDOR! Factor | Logarithm | Factor | Logarithm 
Pee ekg) Kee bitty Rien BEES ier 
alcium, | 
‘a=40.09 
Meal extn as CaSOs.......| 0.58332 | 1.76591 1.71440 0. 
CaSO.2H20.. | 


in 

} 

a 23409 
BE 1.35560 | 0.13213 


a aes | 1.60265 2.49660 0.39735 
0.04493 | 0.90172 1.95507 
1.74850 1.78440 | 0.25150 
0. 13366 


0.25150 0.56040 | 1.74850 
0.38516 0.41195 | 1.61484 
| 1.51288 


— sO 
Db 
= Go 
OA 
nore 
ow 
ones See 
NETS 
sts 
Cou 
oO 
c—J 
& 
3 


1.61454 | 2.42750 | 0.38516 
0.35694 | 0.43960 | 1.64306 


0.65183 0.22293 | 
1.43573 3.66676 | 0.56427 


o 
oo 
o 
S 
ae 
co 
& 
[=] 
S 
sor 
288 
8385 


0.41698 | 0.38284 | 1.58302 


0.38186 0.41509 1.61814 
| 0.28087 0.52376 1.71913 
0. 14894 0. 70968 1.85106 
0.33918 0.45795 | 1.66082 
0.78322 0.16473 1, 21678 


1.51680 3.04230 0.48320 
1.52886 2.95900 0.47114 
1.39337 4.04230 0.60663 
0.18801 0.64862 1.81199 
1.78288 1.64860 0.21712 
| 0.29350 0.50874 1.70650 


1.37191 | 4.24711 | 0.62809 


0.09750 0.79891 1.90250 
0.59420 0.25457 1.40580 
1.90250 1.25170 0.09750 

1.50330 


0.49670 0.31864 
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GRAVIMETRIC FACTORS AND THEIR LOGARITHMS—Con. | 


WHIGHED OR | 


A | Sean REQUIRED A | B 
| igiee se mets 
B| REQUIRED i yepoUND Factor | Logarithm) Factor | Logarithm 
Erbium, | 
Er=167.4 | 
Eee) | 
a } 
Cabeie cae 1.68718 2.05500 | 0.31282 
1.70964 1.95150 | 0.29036 
0.26672 0.54110 1.73328 
, } 
Au=197.2 
AT nyc een AuCls......- 1.53940 0.18736 | 0.64595 ‘1.81264 
bes diate : | 
=1.008 ' 
Re. ge he aeaee vo nscsaeeel (Oakton 1.04884 8.93630 0.95116 
Todtins, 
FS eee MND BT ee | 0.54484 | 1.73627 | 1.83540 | 0.26872 
j OAR RE 0.54055 1.73283 1.85000 | 0.26717 
Tron, | 
Fe=55.85 
Bases tees Pentre 1.28650 | 0.10941 0.77730 | 1.89059 
0.15525 0.69044 | 1.84475 
0.43460 0.36762 , 1.56540 
0.69707 0.20087 1.30293 
0.84646 0.14241 1.15354 
1.84475 1.42980 0.15525 
0.30786 | 0.49222 1.69214 
0.34783 44892 1.65217 
1.95416 1.11130 0.04584 
1.98523 1.03460 0.01477 
0.27935 0.52559 1.72065 
3.48200 0.54182 0.28719 1.45818 
4.91140 0.69121 0.20360 | 1.30879 
2.50420 0.39867 0.39933 | 1.60133 
1.88920 0.27627 0.52934 | 1.72373 
MeSisst Rees 0.63522 1.80293 1.57430 0.19707 
0.81723 1.91234 1.22370 0.08766 
0.90820 1.95818 1.10110 0.04182 
1.89730 0.27815 0.52705 1.72185 
Lead. 
Pb=207.1 
Pbiescesecssnp seo} PbO. eenncees 1.07720 | 0.03232 | 0.92828 | 1.96768 
Tees, vee 1.28970 0.11049 0.77587 | 1.88951 
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A weronen on | REQUIRED 

3) REQUIRED WEIGHED OB garithm| Factor | Logarithm 
1.83449 1.46390 0.16551 

0.09718 0.79947 1,90282 

1.94498 1.13510 0.05502 

1.93067 1,17310 0.06933 

1.87707 1.32720 0.12293 

1.93747 1.15490 0.06253 

0.10298 0.78890 1.89702 

1.71245 1.93890 0.28755 

0.02368 0.94603 1.97632 

0.28248 0.52182 1.71752 

1.96207 1.09130 0.03793 

0.53997 0.28842 1.46003 

1.78044 1.65790 0.21956 

0.32041 0.47818 1.67959 

0.47507 0.33491 1.52493 

| 1.33938 4.57740 0.66062 

| 1.87935 1.32030 0.12065 

1.55894 2.76100 0.44106 

} 

| 0.77442 | 1.88808 

0.69593 1.84256 

RAPES Be 1.38840 0.14251 
Hee 0.96623 1.98508 
Seaead 0.87730 1.94315 
earns Sut 2.5839 0.41226 
evap 1.6327 0.21290 
“HOARE ANE 0.72822 1.86819 
0.92593 1.96658 

0.96181 1.93541 

Se EASED Er 0.85661 1.93278 
esha sai 0.78576 1.89529 
1.87210 0.27232 

0.22231 1.34696 

0.30450 1.48359 

0.36858 1.56654 

0.22598 1.35398 

0. 58603 0. 25940 1.41397 

1,44478 3.59110 0.55522 

1.80468 1.56790 0. 19532 

2.21787 | 60.5520 1.78213 

2.57777 26.4380 1.42223 

1.64010 2.29030 0.35990 
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WEIGHED OR 


| 
A | FOUND 


REQUIRED 


B | REQUIRED 
| 


| WEIGHED OR 


FOUND 


Platinum, 
Pt=195.0 


Factor | Logarithm 


A 


0.40127 | 1.60343 


0.70707 


1.57480 | 
0.57443 
0.75261 


2.40910 | 
0.81420 


0.32378 
0.74613 
2.01420 
0.43640 


B 


| 0.60657 
| 
| 


Factor Logarithm 
1 


2.49210 | 


1.54170 | 


0.39657 


ze 


2213 


Se erPSooSerseorfes: 
ee B82 
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WEIGHED OR 
FOUND REQUIRED B 
WHIGHED OR | | 
eee Factor Logarithm| Factor | Logarithm 
/ i 
| 1, 88892 1.29140 0.11108 
| 0.24903 0.56360 | 1.75007 
| 1.16446 | 6.84760 | 0.83554 
| 1.54612 | 2.84370 0.45388 
| 1.62345 2.37990 0.37655 
1.13793 7.27900 0.86207 
1.43848 3.64350 0.56152 
1.53530 2.91540 0.46470 
1.61442 2.42980 | 0.38558 
0.20303 0.62657 1.79697 
0.27847 | 0.52666 1.72153 
0.34083 0.45621 1.65917 
0.05478 0.88149 | 1.94522 
0.10343 0.78808 | 1.89657 
1.89657 1.26891 0.10343 
0.09960 0.79506 1.90040 
0.17504 0.66828 1.82496 
os Poaa 1.72740 | 0.23740 | 0.57890 1.76260 
Sn } 
ae | 2,43600 | 0.38668 | 0.41051 1.61332 
ROO asic bee | 0.89402 1.951385 | 1.11854 | 0.04865 
| | 
| | \ 
PRS ia's pis) avai i » 0.60051 } 1,77852 1, 66520 | 0.22148 
| SS ACaSpeOAge Wire rats aveusl> | 0: 70aL0 | 1.89933 1.26090 0. 10067 
SABER 40 Ber ee 0.09508 0.80338 1.90492 
| ZnCOs...... 0.18773 0. 64903 1,81227 
ce ane | 0.22401 0.59702 1.77599 
| 0,54826 0, 28297 | 1.45174 
‘  1,63249 2.83090 | 0.86752 
1.72756 1.87260 0,27244 
1.82664 1.49060 0.17336 
1. 92172 1.19759 0.07828 
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| WEIGHT 
ISPECIFIC GRAVITY, arr = 1/,N GRAMS 
MOLECU- Were 
NAMB FORMULA LAR Rs Bale ies peered 
WHIGHT ae a 
aleu- | 
| lated | Observed bile 
| j | 
Acetylene..........--- C:He 26.016 0.8988 | 0.92 1, 1620 
Air cas wien | 1.0000 | 1, 2926 
Ammonia .--| NHs | 17.034 0.5895 | 0.5963 0.7708 
Argon A ; 39.9 1.379 1.3778 | 1.7828 
ATAING onc caaeiey AsHs | 78.024 2.696 2.695 | 3.485 
Broming.;...csce0eases re 159.84 | 5.5249 5.524 (227.9°) | 7.1426 
Butano.,....c<cueenes CyB 58.08 | 2. 2.01 | 2.594 
Carbon dioxide.......| COz 44.00 | 1.5201 1, 52932 1.9768 
Carbon Monoxide..... co 28.00 | 0.9673 0.96735 1, 2504 
Carbon oxysulphide..| COS 60.07 | 2.0749 2.1046 | 2.6825 
Chlorine 70.92 | 2,489 2.491 | 3.1666 
Cyanogen 52.08 | 1.7993 1.8064 2.3261 
Ethane..... 30. 048 1.0381 1.075 1.3421 
Ethylene... 28.032 | 0.9784 0.9852 1.2520 
Fluorine 38.0 | 1.313 | 1.36 1.697 
Belt so iee iv ce eee 4.0 | 0.1382 | 0.1368 0.1787 
Hydrobromic acid... 80.928 | 2.7973 | 2.71 3.6163 
Hydrochloric acid.. .. 36.468 1.2595 1.2686 | 1.6398 
Hydrofiuoric acid...... HF 20.008 | 0,691 0.7126 0.894 
Hydroiodic acid...... { 127.938 | 4.4173 4.3757 5.7106 
Hydrogen..........-. | 2.016 | 0.06965 | 0.06953 0.089873 
Hydrogen selenide.... | 81.216 | 2.806 2.795 3.627 
Hydrogen sulphide. | 84.086 | 1.1773 | 1.1895 1.5230 
Hydrogen telluride | 129.62 | 4.478 | 4.489 
Krypton | 81.8 | 2.826 2.818 3.654 
Methan 16.0382 | 0.5539 0.5576 0.7160 
Neon 20.00 | 0.691 | 0.674 0.893 
Nitric oxi | 30.01 | 1.0378 1.0368 1,3402 
Nitrous oxide 44.02 1.5229 1.5300 1.9777 
Nitrogen. .... -.| Ne 28.02 0.9701 0.96758 1.2507 
atmospheric ....... i | 0.97209 1.25718 
Nitrogen dioxide...... NO 46.01 1.5906 1.60 (135°) 2.0563 
Nitrogen dioxide...... 92.02 | 3.1812 2.65 (26.7°) 4.1126 
Nitrosyl chloride..... 65.47 | 2.2625 2.31 2.925 
OSVEON es. ea eal OF | 00 = 1.1055 1.1055 1,4290 
Phosphine... | 34.024 | 1.175 1.214 1.520 
pylene...... He | 42.048 | 1.4527 1.498 1.8780 
Silicon fluoride....... 104.40 | | 3.60 4.663 
Sulphur dioxide...... Oz 64.06 2.2131 2.2641 2.9266 
CBU Give cise donee ot ks 128.00 | 4.422 4.422 5.717 


nets 
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HEATS OF FORMATION AND HEATS OF SOLUTION 


The unit is the large calorie = 1000 common calories. 


The negative 


sign signifies that heat is absorbed during the formation of the 


compound. 
COMPOUND 


ETON Wit alterna ve anieha ane 


MCG, VADOL Cini daccaced vce 


Water, liquid 
Hydrogen dioxide............... 
Hydrochloric acid. ........ 0.0.5 


Hydrobromic acid.....,......., | 


ete bromine) 
TEV OMOOLO AU Ciiis tas evan xyes 
Hpk iodine) 
Hydrogen sulphide.....,........! 
Sulphuric acic 
Ammonia,..... 
Nitric acid 
AN UOUBWOXIAG cays oh ie cener einai 
ETO SOMRG ty eins tk natin (ai Rum) 


Nitrogen peroxide.............. 


Nitrogen pentoxide............. 
Phosphoric acid,........,..+++: 
CI RNVON CUDKIOG 1 4 ioc organ pian 
om amorphous carbon) 

Carbon monoxide..........,.. 

PVLURAM Gry EX wis ears ih otea int 
Carbon tetrachloride,........... 
Carbon bisulphide............... 
Hydrocyanic acid,.............. 
Potassit?m hydroxide,..,,....... 
Potassium chloride..,......,... 
Potassium chlorate,............ 
Potassium perchlorate.......... 
Potassium bromide.,,......,... 


Potassium iodide,...,......+..) 
Potassium sulphate...,......... 
Potassium nitrate.............+5 


Potassium Nhs!» Papaprant is coun 
Sodium hydroxide.,.......,.... 
Sodium chloride................ 
Sodium bromide............+.+. 
Sodium sulphide...........+.66+ 
Sodium hyposulphite........,., 


Sodium sulphite..............., 


CHHMICAL HMAT OF WDAT Or 


SYMBOL  |FORMATION| SOLUTION 
Os riciatt 
H,0 { 68.4 
H2O2 45.2 
HCl 22.0 20.3 
HBr 12.1 19.9 
HI —6,1 19,2 
T,8 27 4.6 
HySO, | 198.1 17.8 
NH . 12.0 8.4 
41.9 CPS 
N,0 —18.0 
NO —21.6 
NaQa — 2.6 
NO, — 7.7 
N2,0s 13.1 
HyPO, 302.9 2.7 
Or 97.6 6.0 
CO 29.0 
CH, 22.4 
CCh 21.6 
CB, —19.0 
HCN ~ 27.6 
KOH 108.2 13.3 
KCl 104.8} — 3.1 
KCIOs 95,9 
KOLO, 118,11) —12.1 
KBr 95,1 | — 5.1 
KI 80.1} — 5.1 
K,80,4 844.6) — 6.4 
KNO, 119.5) — 8.5 
8 101.2 10.0 
K,COs 281.1) — 6.5 
KMn0O, 195.0 | —10,.4 
NaOH 101.9 10.9 
Na 97.6 LZ 
NabBr 85.8| — 0.2 
Na,8 87.0 15.0 
NaaSi0s 
ba 265.2) —11.4 
NabOs 268.6) —11.1 


eee nee i ode nt ee men me 
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Continued 
1 
compounD aro | amr eoLUTION 
Sodium sulphate Ae dig esebig ROA | NasSOx4 328.8 0.2 
Sodium nitrate.................| NaNOs 111.3 —5.0 
Sodium carbonate.............. | NasCOz 272.6 5.60 
Ammonium chloride............ NH.Cl 75.8 | —4.0 
Ammonium sulphate........... (NHy)2S0, 82.2 —2.6 
Ammonium nitrate............. NH,NO; 88.0. —6.2 
Calcium hydroxide..............| Ca(OH)» 0 3.0 
Calonim: oxides eee ee CaO .0 | (Heat of 
hydration 
Sai) 
Caletumébloridesy usc.) ae CaCle 170.0 17.4 
Calcium carbonate.............. CaCO; 270.0 
Magnesium hydroxide.......... Mg(OH). 217.3 
Magnesium sulphate... | MgSO. 502.0 20.3 
Aluminum hydroxide. . ate ae eee Al(OH); 297 .0 
Manganese hydroxide........... Mn(OH). 163.0 | 
Ferrous hydroxide.............. Fe(OH): 136. h oo 
Ferrous chloride................ FeCl, 82.0 17.9 
Rerrous sulphatesanc..s sete oe FeSO,'aq | 2385.6 
Ferric hydroxide................ Fe(OH); 198.0 
Kermic:cblorideé: (2 cvecuck alveeien FeCls 96.1 63.3 
Cobalt hydroxide............... Co(OH): 131.8 
Cobaltvchloride: 2.220. . 2s oe See CoClh, 76.5 18.3 
Nickel hydroxide..............- Ni(OH).2 129.2 
Nickeliehlorides cass user. NiCl, 74.5 19.2 
ZABC TOXICS Meda eke ores 85.8 
Zine chloride........... 97.0 15.6 
Zinc sulphide. . 39.6 
Zinc sulphate O 230.0 18.5 
Cadmium hydroxide. Mepis tere | Cd(OH)2 134.1 
Cadmium chloride.. sthiee ne CdChs 93.2 3.0 
Qupric oxides. 4. ee CuO 87:2 
Cuprie chloride ?.4..0. 5s peck CuCl, 51.6 11.1 
Cuprie'sulphatess-.... acorn CuSO, 182.6 15.8 
Cuprie nitrates c et ee eee Cu(NOs)2 
a 82.3 
Cuprousioxides:.. ccs ene Cuz 40.8 
Cuprous chloride............... CurCle 65.7 
Mercurous oxide................| Hg,O 22.2 
Mercurous chloride............. HgeCle 62.6 
Meronria Oxide i565, ep niy sales gO 20.7 
Mercuric chloride................ HgCly 53.2 —3.3 
Potassium amalgam............. | KHgi.2 34.0 
Sodium amalgam............... NaHgs 21.1 
BSilver.oxide3 Gat yee nines Ag,O 5.9 
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BASICITY OF ACIDS WITH VARIOUS INDICATORS 
ACCORDING TO R. T. THOMPSON 


The numbers indicate in each case the number of molecules of a 
univalent base, such as caustic soda, which will have combined with 


one molecule of the acid when the solution reacts neutral to the 
indicator given. Thompson divided indicators into three classes. 
Methyl orange is typical of the first class which also includes lac- 
moid, dimethyl amidobenzene, cochineal, iodeosine and congo red. 


Phenolphthalein is typical of the second class which includes tur- 


meric, curcuma and flavescin. Litmus is typical of the third 
class, which includes rosolic acid, phenacetolin, fluorescein, gal- 


lein, and hematoxylin. 


\ erry, 
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De (ORANGE) ee | aged 
Name | Formula | Cold | Cold ‘Boiling, Cold [Boiling 

Sulphuric ....... | HSO, pe ec an iat ay ee 
Hydrochloric... .| HCl 1 1 1 | 1 repel 
Nitra Aa ane | HNO, 1 tal fice 1 1 
Thiosulphuric...| H2S203 2 EA) Me 2 2 
SATDOWMC <6. oss - | H,CO; 0 STE Nee) 0 

| dilute | 
Sulphurous...... | H2S0s3 1 2 | 
Hydrosulphuric .; H2S 0 el O 0 

| dilute ' 
Phosphoric......| HsPO, 1 2} | 
ATSENIC 22...» | HsAsO, 1 2°] | 
Arsenous........ H3As0O3 0 OF 0 
INFLFOUBS 6.55010 - 0h: HNO. ed 1 1 
SS Care H,SiO, 0 | a0: Fee 
Boric...... .| H3BO; 0 | 
Chromic......... | H2CrO, 1 2 25| 
Oxalic..... .| HsC,04 2 POR nt: 2 
Acetic. .| HC,H302 1 1 nearly 
ROY TIO. 5.2.60. | HC.H,02 1 1 nearly | 
Buccinic......... | H.C,H,0,4 2. | | 2 nearly 
GBC foes cok HC;H;O3 1 Nee | | i | 
Martaric:....... | HeCsH10¢ Bri 2 | 
Citric...........| HsCeHs0s 3 . 
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A FOUR PLACE LOGARITHM TABLE 
Hogartthins of numbers from 1 to 1000 


4 


‘jee | 6 | 7 eae 


0043 | 0086 | 0128 


0453 | 0492 | 0531 
0828 | 0864 0899 
1173 | 1206 | 1239 
1492 | 1523 | 1553 


| 1790 | 1818 | 1847 
| 2068 | 2095 | 2122 
| 2330 | 2355 2380 


2577 | 2601 | 2625 
2810 | 2833 | 2856 


3032 | 3054 | 3075 


| 3243 | 3263 | 3284 
| 3444 | 3464 | 3483 


3636 | 3655 3674 
3820 | 3838 | 3856 


3997 | 4014 | 4031 
4166 | 4183 | 4200 
4330 | 4345 4362 
4487 | 4502 | 4518 
4639 | 4654 | 4669 


4786 | 4800 | 4814 
4928 | 4942 | 4955 
5065 | 5079 | 5092 


0170 
0569 


i Parente Al 
0212 | 0253 "0204 0334 | 
0607 0645 0682 | 0719 

0969 1004 1038 ieeaes 
1303 | 1335 | | 1367 | 1399 
1614 1644 1673 | 47038 


| 
1903 | 1931 | 1959 1987 
2175 | 2201 | 2227 | 2253 
2430 | 2455 2480 2504 
2672 2695 | 2718 | 2742 
2000 | 2923 | 2045 | 2967 


3118 | 3139 | 3160 | 3181 
3324 3345 | 3365 | 3385 
3522 | | 3541 | 3560 3579 
3711 | 3729 | 8747 | 3766 
3892 | pee 3927 sve 


4065 | | 4082 4099 | | 4116 
4232 | 4249 | 4265 | 4281 
4393 4409 | 4425 | 4440 
4548 | | 4564 | 4579 | 4504 
4698 | (4713 | 4728 | 4742 | 


4843 | 4857 | 4871 | 4886 
4983 | 4997 | 5011 | 5024 
5119 | 5132 | 5145 | 5159 | 
5250 | 5263 | 5276 | 5289 | 
5378 | 5391 | 5403 | 5416 


5502 | 5515 | 5527 | 5530 | 

5623 | 5635 | 5647 | 5658 | 

5740 | 5752 | 5763 | 5775 | 

5855 | 5866 | 5877 | 5888 

5966 | 5977 | 5988 | 5999 | 
| 


6075 | 6085 | 6096 | 6107 
6180 | 6191 | 6201 | 6212 
6284 | 6294 | 6304 | 6314 
6385 | 6395 | 6405 | 6415 
6484 | 6493 6503 | 6513 


6580 | 6590 | 6599 | 6609 
6675 6684 | 6693 | 6702 
6767 | 6776 | 6785 | 6794 
6857 | 6866 | 6875 | 6884 
6946 | 6955 | 6964 | 6972 
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A FOUR PLACE LOGARITHM TABLE.—Continued 


| 


0 1 


} 
} 
1 
hone 


2 


Maas ne 


ee 


mids og 


| 


9 


% 


7007 


7093 


7016 | 7024 
7101 | 7110 
7185 | 7193 
7267 | 7275 
7348 | 7356 


{ 
7427 | 7435 
7505 7513 
7582 | 7589 
7657 | 7664 
7731 | 7738 


Bee 


7033 | 7042 
7126 | 


7118 | 


7202 
7284 | 
7364 | 7372 


7443 | 7451 
7520 | 7528 
7597 | 7604 
7672 | 7679 
7745 | 1752 


7210 


| 
7818 | 7825 


7889 7896 
7959 | 7966 


8235 


7292 | 


7050 | 7059 


7536 | 7543 
7612 | 7619 
7686 | 7694 
7760 | 7767 


| 


7774. 


HANDBOOK OF CHEMISTRY AND PHYSICS 
A FOUR PLACE LOGARITHM.—Continued 


AO ee ae Ge eae 6 Pe alee | 8° AAS 


i 
90 | 9542 | 9547 | 9552 | 9557 | 9562 | 9566 | 9571 | 9576 | 9581 | 9586 
91 | 9590 | 9595 | 9600 | 9605 | 9609 | 9614 | 9619 | 9624 | 9628 | 9633 
92 | 9638 | 9643 | 9647 | 9652 | 9657 | 9661 | 9666 | 9671 | 9675 | 9680 
93 | 9685 | 9689 | 9694 | 9699 | 9703 | 9708 | 9713 | 9717 | 9722 | 9727 
94 | 9731 | 9736 | 9741 | 9745 | 9750 | 9754 | 9759 | 9763 | 9768 | 9773 


95 | 9777 | 9782 | 9786 | 9791 9795 | 9800 | 9805 | 9809 | 9814 | 9818 
96 | 9823 | 9827 | 9832 | 9836 | 9841 | 9845 | 9850 | 9854 | 9859 | 9863 
97 | 9868) 9872 | 9877 | 9881 9886 J 9890 | 9894 | 9899 | 9903 | 9908 
98 | 9912 | 9917 | 9921 | 9926 | 9930 | 9934 | 9939 | 9943 | 9948 | 9952 
99 | 9956 | 9961 | 9955 | 9969 | 9974 | 9978 | 9983 | 9987 9991 | 9996 


t 


PREPARATION AND PROPER CONCENTRATION OF 
LABORATORY REAGENTS FOR GENERAL USE 


Dilute Acids of &N Strength.—Sulphuric acid, 5N. One volume 
strong acid to 6 volumes water. 

Nitric acid, 5N. One volume strong acid to 2 volumes water. 

Hydrochloric acid, 5N. Five volumes strong acid to 8 volumes 
water. 

Acetic acid, 5N. One volume strong acid to 2} volumes water. 

Dilute Bases of 6N Strength—Potassium hydroxide, 5N. 280 
grams per liter of solution with water. 

Sodium hydroxide, 5N. 200 grams per liter of solution with 
water. 

Ammonium hydroxide, 5N. One volume strong ammonia (sp. gr. 
90) to 2 vol. water. 

Other Reagents of 5N Strength Ammonium sulphide, 5N. 600 ce. 
5N ammonium hydroxide is saturated with hydrogen sulphide. 
Dilute to one liter with 5N ammonium hydroxide, 

Sodium sulphide, 5N. Dissolve 200 grams sodium hydroxide in 
800 cc. water. Saturate 400 cc. of this solution with hydrogen 
sulphide. Add the remaining 400 cc. of sodium hydroxide and 
dilute the whole to one liter. 

Ammonium chloride, 5N. 267.5 grams per liter of solution with | 
water. 

Ammonium carbonate, 5N. 200 grams solid salt dissolved in 350 
ce. 5N ammonium hydroxide and dilute with water to 1 liter. 

Ammonium acetate 5N. Dilute 300 cc. strong acetic acid with — 
pee ec. water and neutralize with strong ammonia. Dilute tol — 

iter. 

Reagenis of N Strength.—Sodium acetate, 136.14 grams per liter 
with water. 

Sodium phosphate, 119.45 grams per liter with water. 

Calcium chloride, 109.51 grams per liter with water. 

Magnesium sulphate, 123.28 grams per liter with water. 

Barium chloride, 122.17 grams per liter with water. 
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Ferric chloride, 54.11 grams per liter with water and add suffi- 
cient HCI to keep in solution. 

Potassium ferrocyanide, 105.72 grams per liter with water. 

Lead acetate, 189.51 grams per liter with water. 

Stannous chloride, 112.72 grams of the solid salt plus 200 ce. 
5N HCl diluted to one liter with water. Add metallic tin to the 
solution in the bottle to keep it from oxidizing. 

Mercurous nitrate, 262.34 grams per liter with water. Add 
sufficient nitric acid to keep solution clear and put metallic mer- 
cury in the bottle to prevent oxidization. 

Cobalt nitrate, 145 grams per liter with water. 

Reagents of N/2 Strength—Ammonium oxalate, 35.5 grams per 
liter with water. 

Mercuric chloride, 67.8 grams per liter with water. 

Zine sulphate, 71.9 grams per liter with water. 

Manganese sulphate, 55.78 grams per liter with water. 

Nickel sulphate, 70.22 grams per liter with water. 

Cadmium sulphate, 64.05 grams per liter with water. 

Copper sulphate, 62.4 grams per liter with water. 

Miscellaneous Reagents.—Aqua regia, mix 1 part HNO; with 
three parts of concentrated HCl. 

Silver nitrate N/10, 17 grams per liter with water. 

Magnesia mixture N, dissolve 68 grams crystallized MgCl. and 
165 grams NH,Cl in 300 cc. water. Add 300 cc. 5N ammonium 
hydroxide and dilute to one liter. 

Molybdate solution, dissolve 60 grams molybdic oxide (MoO3) 
in 440 ce. of water and 60 cc. strong ammonia (sp. gr. 90). Pour 
into 500 cc. of cold nitrie acid which has been diluted 250 ec. con- 
centrated acid to 250 cc. water. Let stand in a warm place sev- 
eral days. Decant or filter before using. 

Phenolsulphonie acid, dissolve 150 grams of phenol in 600 grams 
of concentrated sulphuric acid. 

Yellow ammonium sulphide, 50 to 75 grams of sulphur toa liter 

' of colorless ammonium sulphide. 

Ferrous sulphate, dissolve 200 grams FeSO,.7H,0O in a liter of 
water. Place scraps of iron in the solution and add a few drops 
of H.SO, from time to time. 
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MOLECULAR AND ATOMIC WEIGHTS AND THEIR 


iieleepes eines 
a z r ee ER coe 2S eee 

| FORMULA WEIGHT | | FORMULA WEIGHT 
FORMULA jose gn = FORMULA 1 ca be ‘P aa 

1 a~ i ea- 

Number eyes Number rithm 

2.03304 2.00039 

2.27370 | 1.89260 

2.15637 ee | 2.21514 

2.37070 || CaO....... | 1.74889 

2.23017 || CaOCle... 2.10380 

2.36504 ]| Ca(OH):.. | 1.86992 

2.62184 Cas(POs)s... | 2.49174 

1.43297 || CaS 1, 85830 
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MOLECULAR AND ATOMIC WEIGHTS AND THEIR 
yeaa ise aetna 


| FORMULA WEIGHT FORMULA WEIGHT 


FORMULA = Se FORMULA ae ee 
Number | ne | | Number ee 
ES eee ee jee eid Peter : RENE Straten sete gs ett Et Ans A) eee are 
KAI(S0)s12110.. | 474.53 | 2.67627 | MnSOd4H20..,.. | 223.06 | 2.34842 
9. | 2.07562 i MnS0O.7H20. 277.11 2.44266 
hs MOR RSs e3 } 1.98227 
) 2. 15836 
2.28377 
1.14644 
1.44747 
HI 1.23121 
| 2.65655 
| 1.99109 
| 2: |x | 5s 1.72835 
2.69857 || (NHy:Gs0.31i30. «| 160,11 2.20442 
2.51747 | NH4Fe(SO1)212H2O) 482.22 2.68325 
2.56625 | oe aayceerce 
i 2.59348 
2.27448 | | 2.29244 
| 2.00047 || | 1.90336 
2.13411 | 2.32037 
2.22016 | 35.05 1.54469 
2.33045 |; (NHi)sPOd2M00s.. 1877.13 3.27349 
2.19874 | (NH4)2Pt 443 84 2.64723 
2.29476 ) é 2.12106 
1.93008 Ha 5 | 1.88150 
2.00479 | eine Ne 5 | 1.64365 
2.33253 | NO.........- E | 1.47727 
1} 1.97405 |} NOz......... : 1, 66285 
| 1 tagod | NyOs.000001: "02 | 1.88093 
2 68660 | : 1.79246 
2.04256 | NexOs,.....-. : 2.03350 
2.24122 | Na.......... Hi 1.36173 
2 52158 | 2.30535 
| 0.84510 M 2.58225 
| 1.62798 | 4 2.01250 
1.86923 2. 1.91392 
| 1.47712 | a 2.1337¢ 
1.38596 : 1.76685 
2.49226 i 1.69028 
2.26519 | ; 2.02531 
MaBnbH0... 2.46577 A 2.45661 
MgCh........ -.| 95,24 | 1.97882 | ’ 1.92432 
MgCh6H2O......... ; 203.34 | 2,30823 | F 2.15231 
ot waaaaiala ek | 277.90 | 2.44389 | z 2.17586 
| 1.92593 “ 2.32037 
2.38998 ‘ 1.83891 
1, 60552 : 1.92947 
2.34761 | , 1.79239 
2.08059 | ; | 1.89209 
2, 39182 | H 1.60215 
| ‘00 | 2.21484 
2.06043 | : 1.89248 
2,20647 | 3 2.10064 
1.85083 i NasSO37H20. = A 2.40171 
1.93917 | NaeS2035H20. . | 248.29 2.39483 
2.19828 | NasSOu.......-.....| 142.07 | 2.15250 
2.35944 | NaoSO«W0H20.. 322.23 2.50817 
A ABSIO FONG: Sites cay. 0i- -.. 58.68 1.76849 
1.93952 | NiCh6H20..... -.| 237.68 | 2. 37603 
2.17898 || Ni(NGs)26H20...... 290.89 | 2.46359 
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MOLECULAR AND ATOMIC WEIGHTS AND THEIR 
Cio Gas eee 


ii} 
FORMULA WEIGHT | FORMULA WEIGHT 
ga ei FORMULA 


FORMULA 


-_ 
Sn 
& 
oO 
o 


or ow ow a 
seeseees 


Ppp mp pnnns 
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VALUE OF NORMAL SOLUTIONS OF OXIDIZING 


AND REDUCING Neen Te 


SUBSTANCE TITRATED 


Name 


Ammonium pe 


Sulphide 
Barium peroxide... 
Peroxide 
Thiosulphate 
Bleaching powder .. 
Bromine 
Calcium 


Chlorine 


Sulphate 
Ferric oxide 
Ferrous oxide 

Sulphate 


Hydrogen peroxide. 
Hydrogen sulphide . 
Iodine 
Tron 
Lead peroxide 
Manganese 
Nitrous aci 


paren eane 


sesecavene 


eroxide) | 


Formula 


(NH0.C.0. 


Ae 
H;AsO3 


273 
As.Ss3 
| BaOz 
BaOz.8H,0 
BaS.0;3;.H2O 
at i 


Fe 
| FeSO..7H,0 


ee 


K,Fe(CN)6o 


| FeSO,(NH,)2 | 
0 


H 


1cc. oF NORMAL 


| atomic or | SOLUTION IS EQUAL TO 


MOLECULAR, GRAMS 
weicat |—~ Sager nat 
Number Logit 

124.144 | 0.06272 | 3 79741 

120.20 | 0.06010 | 2.77887 
75.00 | 0.0875 | 2.57403 

126.024 | 0.06801 | 2.79942 

198.00 | 0.0495 | 2.69461 

246.18 | 0.06154 | 2.78920 

169.40 | 0.0847 | 2.92788 

813.53 | 0.15676 | 1.19524 

267.54 | 0.26754 | 1.42739 

| 127.00 | 0.0685 | 2.80277 
79.96 | 0.07996 | 2.90287 
40.10 | 0.02005 2.30211 

100.10 | 0.05005 | 2.69940 
56.10 | 0.02805 | 2.44793 
35.45 | 0.08545 | 2.54962 

100.10 | 0.03387 | 2.52336 

152.20 | 0.02537 | 2.40432 
63.60 | 0.0636 | 2.80346 
79.60 | 0.0796 | 2.90091 

159.66 | 0.15966 | 1.20319 

249.74 | 0.24974 | 1.39749 

159.80 | 0.0799 | 2.90255 
71.90 | 0.0719 | 2.85673 

278 .072 | 0.27807 | 1.44415 

} 

392.26 0.39226 | 1.59358 
34.016 0.1701 | 2.23065 
34.076 | 0.01704 | 2.23142 

126.97 | 0.12697 | 1.10370 
55.90 | 0.0559 | 2.74741 

238.90 | 0.11945 | 1.07719 
87.00 | 0.0435 | 2.63849 
47.048 | 0.04705 | 2.67254 
90.016 | 0.04501 | 2.65329 

126.048 | 0.06802 | 2.79951 

890.098 | 0.03250 | 2.51199 

122.60 | 0.02043 | 2.31033 

194.40 | 0.0648 | 2.81158 

294.50 | 0.04908 | 2.69093 

368.74 | 0.36874 | 1.56672 
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VALUE OF NORMAL SOLUTIONS OF OXIDIZING 
wisiled rabies shite Ga ghia 


SUBSTANCE TITRATED 


1 cc. OF NORMAL 
BOLUTION IS EQUAL TO 


ATOMIC OR GRAMS 
eee Roe Uelsae MOLECULAR oad 
WHIGHT. 
Name Formula Number | Logarithm 
Potassium 
Ferrocyanide cyst.) KsFe(CN)s. 
3H,0 422.79 | 0.4228 | 1.62613 
Todate; :.sargacedne KIO; 214.12 | 0.03569 | 2.55251 
Nitrite cscs KNO, 85.19 | 0.08519 | 2.93039 
Perchlorate....... KCIO, 138.60 | 0.01733 | 2.23868 
Permanganate....| KMnO, 158.15 | 0.03163 | 2.50010 
Tetroxalate Se wae apace 
254.21 | 0.06355 | 2.80314 
Sodium chlorate... IN ASO, 122.50 | 0.02042 | 2.30999 
Ferrocyanide..... NasFe(CN), | 304.34 | 0.034384 | 1.48336 
Thiosulphate..... NasS203.5H2O | 248.30 | 0.24830 | 1.39498 
Stannous Chloride. .| SnCl; 189.90 | 0.09495 | 2.97749 
Stanrious jst ae SnCl..2H.O 225 .932 | 0.11297 | 1.05294 
"EADS e + cae Eee Sn 119.00 | 0.0595 | 2.77452 
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VALUE OF NORMAL SOLUTIONS OF ACIDS AND BASES. 


oR 
SUBSTANCE FORMULA MOLEC- 
ULAR 
WIGHT 
Acetic acid ....... H.C2H;02 58 .032 | 
Ammonia ........ Pigicerte ate 17.064 
Hydroxide ..... NH,OH..... 35 .08 
Barium | 
Carbonate .....|BaCO3...... 197.40 
Hydroxide ..... Ba(OH): 171.416 
Oxide ees BORR ee ue 153.40 
Calcium 
Carbonate ..... CaCOs 36 100.10 
Hydroxide ..... Ca(OH). 74.116 
WUXI ee pCaQiir eee! 56.10 
Carbon dioxide...;CO2......... 44.00 
Hydrobromic acid| HBr ........ 80.968 
Hydrochloric acid| HCl ........ 36.458 
Hydroiodic acid ..|HI....:..... 127.98 
Magnesium 
Carbonate .....| MgCOs...... 84.36 
Op: f0 Sie ie eae MgQ) cite 40.36 
Nitric acid ...... HNOs see 63.048 
Nitrous acid...... NOp ees 47 .048 
Oxalic OL H2C.0, Ser 90.016 
Oxalic acid....... | H.C.204.2H20 | 126.048 
Phosphoric acid . SPOR aee 98 .024 
Potassium 
Bicarbonate....; KHCO;..... 100.158 
Carbonate .....| K,CO;...... 138.30 
Hydroxide .....| KOH Fen ee 56.158 
ORIG: S Sjcne: 5,02 KsOo oraeece | 94 30 
Sodium 
Bicarbonate....| NaHCO; 84.058 
Carbonate .....! Na,CO; ....- 106.10 
Diphosphate ...| NazHPO, 142.108 
Diphosphate ...| NazHPO.....| 358.30 
Hydroxide ..... NaOQH.12H,0| 40.058 
(Obra ts | aaa pesca Baran 62.10 
ulphuric acid....| H2SOu....... 98.076 


GRAMS NEUTRALIZED | 


BY lice. 
NORMAL SOLUTION 


| 
| 


| INDI- 


Sanne | CATOR 


j 
ey Loga- 


| 0.08571 


; 0.03646 


| rithm 
0.05803 | 
0.01708 
0.03508 


0.09870 


2.76367 
| 2.23208 
| 2.54506 


2.99432 
2.93302 
2.88480 


2.69940 
2.56889 
2.44793 
2.64345 
2.90831 
2.56180 
2.10718 


0.07670 


0.05005 | 
0.03706 | 
0.02805 
0.04400 
0.08097 


C.01280 


0.04218 
0.02018 
0.06305 
0.04705 | 
0.04501 | 

| 

| 


2.79968 
2.67254 
2.65329 


0.06302 | 
0.09802 | 2.99133 


0.10016 1.00067 
0.06915 | 2.83979 
0.05616 | 2.74931 
0.04715 | 2.67348 


2.92458 
2.72469 
1.15261 
1.55425 
2.60269 
2.49206 
2.69053 
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2.62511 | 
2.30492 | 


2.79951 | 
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| qynusig poy wany]eqT, AIMIIOW PIO if 
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PLATINUM WIRE TABLE, BROWN AND SHARPE GAUGE 
Giving Diameter and Approximate Weight 


ie 3 14 15 16 


j 


Gaves No. 10 ll 12 
Diameter in Dec. In,| 0.106) 0.091 | 0.081 


Approximate weight 
mea vaio } 37.5 | 28.0 | 22.0 


0.072 | 0.064) 0.057} 0.051 
17.5 | 14.0 | 11.0 9.0 


GavenNo. | 17 | 18 | 19 | 2 | a | 22 | 
j : eae | 
Diameter in Deo. Tn, | 0.045 | 0.041 | 0.086] 0.032] 0.029 0.096 
pproximate weight || 
er ea } 20 16.7 | 44 | 84. | 2.9 | 2.8 
Gaven No. api | a 25 | 26 | 27 | 28 


Diameter in Dec. In, | 0.023; 0.020] 0.018) 0.016 | 0.014 | 0.013 | 


Approximate weight | i 
vies ce most 1.80 | tae es 0.7 | 0.8 | 


Gauasz No. 29 30 31 | 82 bia Cae | 35 


Diameter in Dec. Tn, | 0.0115} 0.010 0.009 
pproximate weight 
“cphiseccenpeay a } 0.45 | 0.35 | 0.28 


VAPOR PRESSURE OF MERCURY 


TEMPERATURE PEESSURE TEMPERATURE PRESSURE 
mm. mm, 

0 0.02 170 8.091 

+20 0.04 180 11.000 
40 0.08 190 14.84 
60 0.16 200 19.90 
80 0.35 210 26.35 
100 0.746 220 34.70 
110 1.0738 230 45.35 
120 1.534 240 58.82 
130 2.175 250 75.75 
140 3.059 260 96.73 
150 4.266 270 123.01 
160 5.900 280 155.17 
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| 


i 
} 
| 


| 


NAME 


| Acetic atte 
| Aluminum. . 


Carbide... 


FORMULA 


Chloride 
Chloride.. 
Hydroxide di-... 
Hydroxide tri-... 
Todide: aisnckbut 
UNTESIGGie oe en ear 
Nitrate sss, oats at 
Oxide. su Linnean eae BOE 
Phosphate 
Sulphate............| 
Sulphate. ...........! 0, 
i 18H: 
Sulphide............ Fist 
Alum ammonium...... Alo(SOx)s. 
(NH4)2S04 
PLUS OU RRA RABE 
Ammonium chrom..} Cr2(SO«)a 
(NH4)280.. 
{- 24EGO.. 6.55. 
Ammonium iron..... | Fez(SOu)s. 
(NH,)2S0,. 
42O....... 
Potassium........... Als(SOx)s. 
i ry 
Potassium chrom....| Cra(SO)s. 
250.4. 
53 COMB Rane 
Potassium iron...... Fe2(SO)s. 
2504. 
24H20....... 
Potassium manga- 
MBAG. Se he sese Mnz(SO,)s.Ka 
$04.24H2O0 
Sodtury 5 ls saan ce Al2(SO4)3. 
a2SOu, 
| 24H2O....... 
| Ammonia.............- WBNS SERBS arse 
Ammonium acetate...., Nee 
Bromidesics ccccainwe Loh ieee it 
Carbamate.......... NELEGOs 
| NHjCOs..... 
Carbonate........... (N es 
Carbonate acid NH«HCOs...... 
hlorate....... NH,Cl0z...... 
Chloride......... th ; Re 
oat inate. (NH4)2P tCle. . 
DAE: cts ce uCNO..... 
Molybdate et seateran _OHfdattod.. 


white heat 
| infusible 


94.5° 


“20 | Rey 
| 2.59 
2.71 
| 1.62 
| vay d | 
| } 
6.95 | 1.645292 | 
| 956.95. 
4.45 | 1.712 
| 949.06 | 1.7571299 
999.06 | 1.81278°° | 
1006.50 | 1.806 
1004: 70\tic ae s.aices 
916.86 | 1.675299 | 
17.03 | 0.5971. | 
0.62340°lg, 
isi teas Re eS 
97.96 | 2.327 
16K 1b Soe ee | 
SIM AO HS ome ete 
79.05 1.586 
OU S60' I ehce secce os 
53.50 | 1.52017 
‘| 443.84 | 94-3.06 
COTS RS ies 
| 196.08 |" 2.38-2.95 | 


| docomp. 


| SPECIFIC — 
“MOLEC-| GRAVITY | MBLTING | BOILING 
ULAR | WATER, 1: POINT POINT 
WEIGHT, AR 1 (A) | SC SG 
ane 2, 1 (D) | 
60.03 1.0007 = 172,—| 18.08 
|} pisggee | 657° 2200.0° 


PIG EASE are \eate ena 
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PHYSICAL CONSTANTS OF INORGANIC obi sable 


SOLUBILITY IN 100 PARTS 


CONF SRWNHe 


Alcohol, acids, alkalies, ete. 


CRYSTALLINE FORM 
AND COLOR 


/osoluble eel 


sol. HCl, H2SOu, alk.; 8. sol. NHOs 


soluble acids 

soluble CHClz, CCl, ether 
soluble ether; 50 aleohol 
insoluble acids, alkalies 
insoluble acids, alkalies 
soluble acids, alkalies 


soluble alkalies 

soluble aiesien: 100 aleohel 
soluble conc. H2SOu, alkalies, HCL 
sol. acids, alkalies; insol. H.C2HsO2 


insoluble alcohol 
soluble acids 


insoluble alcohol 


soluble alcohol 


insoluble alcohol 


Cold water | Hot water 
co | 
insoluble aoanenp, 

' soluble | decomp. 
soluble bi ath. a 
decomposes, | 

gives CH, |...... 

Ui): A Pree i | 

40.0 vy. soluble | 
soluble soluble 
insoluble insoluble 
insoluble insoluble 
insoluble insoluble 

Boris: pene 

decomposes)........--.. 
VERONA (fio sine sins’ a 
insoluble _—_ insoluble 
insoluble — insoluble © 
89.1 | 
87. 1132.0 
decomp. j.ere.ceesees 
| | 
3.9 357.0 
3.95 15.0 | 
i | 
40.0 400.0 
i} 
5.2 | 422.0 
D0. 0 hea 60.0) ‘i 
| 
20.0 v. soluble | 
decomposes | soluble | 
| 
107.1 vy. soluble 
104960 cc. | 72722 ce. 
89.9 lore 
148.0 Leases Sia pions 
66.2 | 128.2 
25.0 Tera 
j (1 ices Pa eee war 
11.9 } 27.0 
SOlublo.  isavevecesers 
29.4 77.3 
0.67 | co 
soluble decomp. 
Taposes | decomp. 


insoluble alcohol 
insoluble alcohol 


insoluble alcohol 
}u4.8 alcohol, ether 


insoluble alcohol 

insoluble aleohol 

soluble alcohol 

s. sol, aleohol, NHs methy] alcohol 
0.005 alcohol 

8. soluble alcohol 

insoluble alcohol 


..| soluble C&:2, aleohol 


trimetric 
amorphous 
hexagonal 


yellow crystals 
rhombic 
rhombohedral 
amorphous 


octahedral 
yellow crystals 


regular 
violet or green regular 
regular 


regular 


green regular 
violet regular 


violet regular 


plates 
Limes or monoclinic 
monoclinic 
regular or tetragonal 
yellow 
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| SPECIFIC m0 | | 
i | MouEo- GRAVITY | MELTING | BOILING 
NAME | FORMULA ULAR | WATER, 1 POINT | POINT 
| \WEIGHT) Atk, 1 Ss SO; | °C. 
| | a1 ( : 
40 | | Ammontum molyb- | | | 
| date hepta-......... (NH;)sMoz i 
O2.4H20 TBGUS lh onlays nen em aea ean a Shs 
41 | Nitrite.. NHiNO: 64,05 | 1.69 | decom: 
42| Nitrate. NHiNOs 80,05 | 1.725 | 153°-166° 
43 | xalate... i H4)2Co! | | 
Oo 142.10 | 1.502 Moseeeat nee Pig Cul cals 
44| Persulphate.........) Hg)s8eOe. 21 298020 We a cade | decomp 
45 Phosphate di-....... | Ragas: BOAO SOLO of Vie Wamesnies 
46} Phosphate mono-..... NH«HePOs....) 115.06 | 1.803 ......... i ewise teeta 
47 Phosphate meta-. ...| (NHi)<P.0n.. ECT ys eee iene a eT SENT YS |eveseveeeeee 
48 Phosphomolybdate... (NH«)sPOs i 
i 12MloO, $1120 1981. Be Hive Sn de neatly Gialkd clvauals tale Ore SRC 
49 | (NHa)2S0,..... | 
50 | (NHa)S...... | 
51 | | Sins Pas 
52 
53 
54 
55 ach 
56 | Antimonic acid | DYTO-.. | 
57 | Antimonous acid...... 
58 | Antimony............:- 
59 Chloride tri-. ........! 
60 Chloride penta-..... 
61 Hydride (stibine)... 
62) Oxide tri-............) 
63:|) Oxide tetrecis.<22.f Bia va. SOLAS SOT 9) 80089 tec sx aay 
64 Oxide | 
65 Oxychloride fom) PF SDO CT waite eo ee Vsti sie tore elec amie elele(s pe'als alee: ental viene 
66 Oxychloride (-ic)....) SbOCls........| 242.58 |............| decomp. |....... 
67 ulphate.......-....| Sbe(SOs)s......| 528.41 | 4.89 | decomp, |........- 
68 Sulphide Presse sce Sb: 
69 | Antimony, eee 
tartrate.. | 
3820, 100°|....... 
70 —187-9° 
71 | Arsenic crystalline.....) Asg........-..-| 300.0 | 5.727M° |... cs. eclecseseeropeat 
72 
73| Pen | 
74 Sulphide di- (eg) AsaSz 565 
75 Sulphide penta-.. v. fusible | sublimes 
76 Chioride....... 2.560.) —18° 130.2 
77 thee (arsine)... —113.5° —54.8° 
18,4 Oxtde: auctenka sagen sublimes | 125°-150° 
79 eee SeRev ae fusible — |akis...ccn 
80 Sulphide (orpiment) | 300° 
81 | Auric chloride......... 
82 
83 
84 
85 
86 
87 
88 
89 
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PHYSICAL CONSTANTS OF INORGANIC COMPOUNDS—Con. 


ar 


SOLUBILITY IN 100 PARTS 
Biss LAE ES CRYSTALLINE FORM 
AND COLOR 
Cold water | Hot water Alcohol, acids, alkalies, etc. 
| 
| 
soluble PB ah siemccs ca sta amebies aatetetiaers seit akin ye wietdv dian oak | monoclinic 
soluble | 871100 | 3.820° alcohol rhomb. or tetragonal 
118° decomp | solatie alcohol 9 Na ced Se cchraterte's Se tess 
4.2 41.34 | Hisisla sno GNisincb ies aut eb aint msrie es sitina trimetric prisms 
OEY pada MOR eee Paeeigs aoe cece Siu eh che cs Ala naummee ysiee monoclinic 
25 decomp, | insoluble alcohol monoclinic 
1710° 26031 | Wdiey deemed acemansu amar sre Ueda tice yes tetragonal 
MOAUEY 0  Ots coe asses . Sameer nee wiles ay'er'slns ede kee sar 5 tetragonal 
0315° | Insoluble | Insol. alcohol, HNOs; sol. alkalies | yellow 
710° 103,3100° | insoluble aleoho rhombic prisms 
MOWING 0, Eh utyas piniucrn ak Pattastnp e's lars o be Weve laia p hiemieiv arals a's an cislateivihicen eae Rate Mine 
soluble : | orange red 
WBoluble jo... snes “soluble alconol | rhombic 
1220° 162° | soluble alcohol es so pn aeieta algae) eaters 
MONDE, le anpcse leith nein oe amma Waa a ee aameaie mee | rhombic 
8. soluble s.soluble | soluble acids and KOH 
8. soluble s.soluble | soluble KOH 
insoluble insoluble insoluble aleohol 
insoluble insoluble | soluble hot conc. H2SOx, aq. r. hexagonal rhombic 
601. 6°° 4531602 soluble alcohol, HCl, TiCaLOs rhombic 
decomposes | decomp. SOIDIA TG Dar baa ee Saavels waiacale 
20 oc. 4 1600 oc. alcohol, 2500.cc. CS: fk eu ce ete csersrenccson 
0.0018215 0.01 soluble HCl, KOH, H2CiH«Os trimetric octahedral 
insoluble insoluble | soluble hot concentrated HC] — |, .....-s.ecsscacaceeece 
insoluble insoluble soluble HCl, KOH, HI ellow 
insoluble decomp. insoluble alcohol; soluble HCI, C8: | monoclinic 
insoluble decomp. soluble alcohol yellow 
decomposes | decomp. BOMMIS ESR RS a Ny usenay hae dete 
0.000175 | decomp. soluble alkalies, NH«HS, K28, HCl} black hexagonal 
5.26 35.7 insoluble alcohol octahedral 
5.6cc. | 2.57 ce. GRAVE E ES ESE S ok UES S Cae Senne sm tagle Se EUs wed pisyivia’s wreias 
insoluble insoluble = ee ChH:20, aq. r., hot alk, | gray rhombohedral 
16.7 solub oa alkalies Dain peta near aarele stale wus de 
150 v. soluble | v. soluble amorphous 
insoluble insoluble | soluble K2S, NaHCOs red monoclinic 
insoluble insoluble soluble alkalies, HNOs yellow 
miposes | decomp. rien | ae Be HCl, alcohol, ether needles 
(he RES ie ea pp Tide) yr ATE Si BS aren See a AAS ert 
eg 10.14 sol, alk.; alk. atbonaten: HCl, al. | amorphous 
decom MOOOIR Gh le ce aia ne mace taip ia mean ate mech vals|ic a cereawalchim ae hadine 9 ay ay 
0. s. soluble | ‘soluble alkalies; alkalies carbonates | yellow or red 
68 v. soluble | soluble alcohol, "ether red brown leaf 
soluble soluble soluble alcohol’ orange 
vy. soluble y. soluble | soluble alcohol PD rs Meee ae 
Insoluble = |...........- soluble NazS, K2S, insoluble acids | brown 
ONTATIONAR log conten siacrae in seria bi aie Petes ties Uva ry atin Ns ee os dark red 
insoluble insoluble | insoluble acids; soluble (NHx)2S black 
insoluble GODOMNT,) cies s tue See reese etd coniadaticwen yellowish white 
decomposes | decomp. | soluble alcchol, acids; insoluble 
benzol, um silvery crystals 
62..98° 80. 590° insoluble alcohol prisms 
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PHYSICAL CONSTANTS OF INORGANIC COMPOUNDS—Con. 


SPECIFIC | | 
|\MOLEC-| GRAVITY | MELTING | BOILING 
NAME FORMULA ULAR | WATER,1 | POINT | POINT 
jweiout| atr,1(A) | = °C. 
1 (D) | 
Barium Carbide....... Bag. eveaacaes WGL SF) SFO) 7. Weaken ce wen nexus kame 
Carbonate BaCOs.........| 197.37 | 4.275 1380° 
Chloride BaClsiericcs 208.29 | 3.856 960° 
Chloride BaCl.2H20 244.32 | 3.097 860° 
Chromate 2 Ron seeeme Ae SL Pe 
Hydride aHe..........| 180.39 | 4.210° volatile 
Hydroxide.. | Ba(OH)2.8H2O! 315.51 | 1.656 78° 
Todide......- Balg...., ......| 801.21 | 5.15054 539°-740° 
Nitrate Ba(NOs)2...... | 261.89 | 3, 24428° 575° 
Oxalate BaC20«.H20...} 248.89 | 2.6578 = |....... 0... 
Oxide.....2..1....52.] BaO | 158.37 | 4.73-5.46 | BaOs, 450° 
Peroxide.............| Bas. .....5-55} 96 if 
Platinocyanide...... 
Sulphate............ 1580° 
Bismuth.... Bi , j 269° 
i decomp 
163 
237° 
HO, 100° 
76. 
dee, 260° 
60° 
| Q, 150° 
wnat at ; f | red heat 
Sulphate. ... a PAO SE Ue gcc ok. oe Cee a 
Sulphide. $5 7.00-7.81 | a 
) Borto acid...........5. 1.43471° | 184°-186° 
Bored evar nccene era 2.45 infusible 
2.53-2.68 | infusible 
Ghloride) so... 55.0: ree i ane ea 
Oxide, ....... ee 1.75-1.83 577° 
Sulphide tri-........ 2b) 1,55 310° 
Sulphide penta-..... fo Pa ee 182.35 | 1.85 390° 
Bromiinaleynccy nas cae Bresccyecs vont 159,84 | 3.1883° —7.3° 
CO@GMm POI sc ee tle weed) Oat genie Snare 112.4 8 64217° $21.7° 
Carbonate POIECOs a wens 172.40 | 4.258 decomp. |.......sa05 
Chloride... Guy. 183.82 4.05 
Chloride.... | CdClk.2H:0 219.35 | 3.827 |. enced eeen neater 
Hydroxide. a Ca(OH peer 146.42 | 4.798° = | HAO, 800 F022 .S. 
NGA cece aeacy | Cd(NOs)s. 
4H:0 308.48 | 2.455 59.5 
Rd Se hw eles dala sis eae 
208.47 | 4.72 1000 
oe TORSO 7 G00 aah ge Sy 
Sulphide artificial...) CdS........... 144.47 | 3.9-4.8 | wht, heat |.... 
Caleium,. 40.09 | 1, 5446939) 780°-810° |... 
Acetate’ (| 
PP ATBCae leccGaseoanve decomp. |,... 
Aluminate........... 158.3 SATIS: os beatinss 
Ammon!um phos- j 
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SOLUBILITY In 100 PARTS 
CRYSTALLINE FORM 


j AND COLOR 
- Cold water | Hot water Alcohol, acids, alkalies, ete. 
decomposes j 
| 25: Pe Oe ee decomposes by acids gray crystals 
0.002220° 0.0065!° | solubie acids, NH«Cl : rhombic 
30. 90° 62, 7100° insoluble alcohol; s.soluble HC] | 
86,2. 4 73.5 | HNOs | 
f 0.00038°| 0.0043 | soluble HCl, HNO: yellow rhombic 
mi cevomposes decomp. |. oly! cance es cneneleuebcesveves crystalline 
4 5.5615° [182 780° | solubie alcohol; insoluble ether . tetragonal 
7 1700° 272i00° | y. soluble alcoho! _ rhombic 
5. 20° 32.21@° | insoluble alcohol; s. soluble acids regular 
0. 009318 0.0228100° | Sol. acids NH«Cl; insol. alcohol Li gecodpeaoetauas Aaknapad 
1,50° 90. 890° | soluble HCl, HNO; | amorphous 
insoluble decomp soluble dilute acids Noboai acowenlAmiae ses emaer © 
Uo Mie Ae a Megha c Se pL nee alien ge pig oe | gray to yellow mono, 
0. 0001720° 0.0003%° | 0.006, 3% HCI; soluble conc. F280 | | rhombic 
+ 0.019720° 0.001778° | vy. soluble HCl | hexagonal 
Insoluble Insoluble | soluble HNOs, aa. r., conc. eae rhombic 
Binsoluble §|............ | soluble acids; insoluble NazCOzg fs... sees ce acer ecsensas 
| soluble alcohol, acids, acetone 
| soluble acids; insoluble alkalies 
| soluble acids, 401* acetone 
soluble acids | greene plates 
..| soluble acids; insoluble alkalies et tetragonal 
| soluble acids, concentrated, KOH rown 
-| soluble acids; insoluble HzCsHiOe | quadratic 
soluble acids needles 
soluble HNO | brown rhombic 
0. 242° ether, soluble alcohol, 28"°, | 
4 721° glycerine | triclinie monoclinic 
+ Insoluble insoluble | insol. aleohol, ether; gol. conc. | 
~ insoluble insoluble HNO,, ap stg H804 | monoclinic 
lecomposes |............ decomposed by alcohol  Ninenescnvcvesnstrsrenion 
eG 16,4102° | soluble alcohol, casio EAE BOE Ay 2 ose u cule anes 
decomposes |............ | s. soluble, PCls, SCle “crystale 
ERIM RCH Ca meter ce EE ay | erystalline 
p 4.1 7e° 3.498° | soluble alkalies, CS, ether, aleohol,| 
| CHCl; KBr, HO | brown red orystaly 
insoluble insoluble | soluble acids, NHsNOs | | crystalline 
y insoluble insoluble | solubleacid, NHssalta (9200 |icasserserveversvsvnns ' 
= 140%° BON Rebar mi OH NS ra repanair es ava 
a © -16830° 18Q1990° 2.0545° methyl alcohol monoclinis 
~ 0,00026%° | insoluble | alkalies; soluble acids, NH, | | hexagonal 
7 Le ee ae | soluble aleohol; insoluble HNOs | | prism needles 
i oe Wee MEG ois ; soluble N Hy salts, acids | amorphous 
= _76.60° ie lO) SOD eons ee on ROR ene er es Bre ae Soe) VpereR SES POET INT, 
1% rt Pinan ee ee RET ica nadiniadexisan | monoclinic 
1 insoluble } coloidal sol.| vy. s. soluble NH<OH; soluble acide yellow hexagons) 
I decomposes | decomp. | soluble acids, sodium; insoluble —_| ailvery hexagonal 
. } 
1 43.60 34.310° | 5, soluble alcohol | neodlon 
imposes |............ insoluble benzine; soluble HCl | prismatic needles 


soluble acids monoclinis 
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SPECIFIC 


MOLEC-| GRAVITY | MELTING 
NAME FORMULA ULAR | WATER, 1 POINT 
\WEIGHT) arr, 1 (A) oe 


_ 
cs 
ao 


15s |  Phospinte dic 7 
154 Phosphate mono-... 


158 Sulp hate (j }e | Seses 
H Pp. gypsum 

159 | Carbon amorphous... | 1c 

160 | Carbon graphite.. 
161 |.Carbon diamond. . 
162 Chloride tetra-.. 
163 Dioxide gaseous. 
164 Dioxide liquid.. 
165 | Dioxide solid. 
166 Disulphide...... 


1 (29232, 63A; —110 


167 Monoxide....-....... 0.9670 A —203° 

168 | Chlorine...............! Cle 2 ae —102° 

169| Hydrate.... ie —50° 

170 | Oxide mon-..... oes. -(-ChO 2: a7 A —20° 

171 Oxide di- or per-.... 1.5, 2.315 —79° 

179} LOxtde loptescsoscs5 | CWOe sce eccsc| ASACU2 sa nanan seeliacesinwecest 

173 | Chromium..... 6.9220° 1515° 

174 EMGSIGA, 5, vac ortaney {ii OULU auen cecpavinl Mi Sar Orts Acneinsiey cele 1 

175 Trioxide 2.67-2.82 196 

176| Carbide 7 Ronan Bernt aes 

177; Chloride | 2.75718° 1200°-1500° 

178 Chloride. } LPOG BBs veicnroieisew ws sublimes F 
179| Hydroxide...........| Cr(OH)s...... LOSES [Sec Seewewacelsrowb arses Weer: 5 


180} Nitrate.............. | Cr(NOs)s.9H20) 400.27 |............ 37° 


: HANDBOOK OF CHEMISTRY AND PHYSICS 
PHYSICAL CONSTANTS OF INORGANIC COMPOUNDS—Con. 


SOLUBILITY IN 100 PARTS 


CRYSTALLINE FORM 


AND COLOR 
Cold water § Hot water Alcohol, acids, alkalies, etc. 
138) decomp. to TORRE TS th anal JVs 3 aie dane sgt) ey crystalline 
139} 0.0013 0.088 0.1 CO2 aqua; sol. acids, NH«Cl rhombic 
59. 50° 1549° Sclubia diesbok 0 OU Sy Saka taweaeecvaancis< 
141) 59.1°° ee Bee MAOORIOU es ose oy PO” Te Lae nie wate a 
TN eas aires erye | soluble aleohol hexagonal 
143} 22.20° 4, 310° soluble alcohol, acids yellow prisms 
DTG) Fea cas ares s. soluble concentrated acids regular 
145) s.soluble |............ polsble Hib Ol MipabOl: (25). T-s can cnaten onan austen’ 
“ge = 17 0.081° | soluble NHuCl hexagonal 
leliques Cy ae Pee Oh URES oot RAN be eee errr a RIpEN ORE Eee AL ul eam nie 
93. 19° 851. 2182 14% alcohol; soluble amyl. alcohol | prisms 
49/1340° 506182° 0.8 alcohol monoclinic 
0. 2 0.0014 | soluble a.; insoluble H.C:Hs02 octahedral 
151) 0.13°° 0.06!90° | soluble acids regular 
152| 0.003-0.008 | decomp soluble acids; insoluble alcohol amorphous 
153) 0.028 decomp insol. alcohol; soluble HiCsH7O7 monoclinic plates 
415° MOON || acciehs eee aes ow de sho oe ecin seta se ves rhombic 
BONG SN camnans soluble HCl monocl, or hexagonal 
0.1790° 0.178!9° | soluble acid NazS:0sN Hi salts rhombic 
- aoe | fora ah soluble HCl, NaCl, glycerine reas aan et 
hecluble | fusoluble |} {soluble in acids, alkalies; soluble pan 
fase (feb | ane me Soe 
Pienbable dh ofc seei datos cos Maem eeacaens Mencenemaen tat ots 
179.67 cc. . 190.14 cc. 283 ec.6° alcohol, soluble alkalies 
SEMOMIDIA |). |i ceee oem soluble alcohol, ether 
ae Foe a a fom eae 
5 -5 oc. 0° a - << ie apse alcobol soluble CusCle 
j 6 
1505, 3008" | 180%" ce. | sol luble alkalies | ireenish veiow 
Wales | xa cance ral shame ata Niias hale Cash we uNines nie; Fs 
BOGAN |e cues anaemia Mucne teat kta ets uaiee.ete cecere ge ~~ 
oma _ ec. *°| decomp abe ow HeSO, alkalies hg pasty 
ATCT AEs (SILT soluble benzene 
“sii lad insoluble | soluble HCl, dil. H2SO«; insoluble ey crystalline 
MMT eae canes Go siete ice es areata Ue ana nIOn saa eA sO lark gray 
163. 206.7109° | soluble aleohol ether H2S0. red triclinic 
insoluble insoluble | soluble dilute HCl Fie alba 
insoluble s. soluble | insoluble acids; soluble trace CrCl nie i key 
78| v. soluble Biaeavien soluble alcohol Fee sa 
A violet p) 
Insoluble |........60+. soluble a., alkalies; s. sol. NHs aq ie heagonal plates 
en 
soluble Meigs te evacel sedans tesa paas eee ne hvaPemen ya cee r purple prisms 
REIOL ES 3 Oho ais ele y's s. Soluble acids dark green hexagonal 
insoluble j..........++ WONOLUDIOACIGE 5 | ke ve paahwslonnnnevnnvacae 
} insoluble = |..........-+ insoluble ether amorphous 
POROUS “A ca waskesinct,| eMneete aeeden ae anaatar ana mnesalecns crystalline 
MeCOM DE OT ids sanvsice ss soluble acids ze low brown 
BO ies cinew'e 8s. soluble alcohol ue 
Insoluble | .........-. vy. soluble acids a a ha 
MIRTISTD Sich) s sais cab tebe mae ey cae Oana Raa insane se eee 
0) insoluble ed polable ankle (26 See neonates acaye a teers 
Gale. | locorb ren canecivabhavbsveritdess cus cel A RDeb waders ceSo-k vate’ 
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NAME 


FORMULA 


MOLEC- 


ULAR 


er 


SPECIFIC 
GRAVITY 


aTR, 1(A) 
Ha, 1 (D) 


WATER, | | 


BOILING | 
POINT 
° 


192 | 


Chloride purpureo 
Hydroxide. .... 
Oxide..... 
Sulpha 
Sulphide 


Chloride 
Chloride 
Cobaltous cyanide. ... 
Hydroxide 
Nitrate 


Copper nitride. .... ae 
Cupric acetate 


Aceto-arsenite 


Ammonium chloride 


Arsenite paris green. 
Carbonate basic.,... 


Carbonate basic..... 


Chioride 20). .75.-- cy 
Whiorldessicinc zu, 
Chromate basic. .... 
Ferricyanide 
Ferrocyanide........ 


Hydroxide. . 
Nitro prusside 


Nitrate 

Nitrate... 
Oxalate. . 
Oxide 


prous chord 
Ferrocyanide 


| CoS8Ou 70. 
G 


oe 


( Pray erin 
Cu(C2H302)2 
CuCh2N Hg 
Cl. rece 
CuHAs0Os. . 
CuCOsCu 
(OH): 
2CuCOs.Cu 


| CuCl2.2.H20 
Oe 2Cu 
2A20.. 


sant (CN) ) ds 


owns, ae 


ee kal 
| NO.2H20 
Cu(NOa)2.3H20 


Cu eee .6H20 
Os 


GusCis 
.| CusFe(CN)s.. 


CusFe(CN)s 
Cu0H 


\ 


{ 
a 


204.72 
199.63 
966.36 


-| 
1.80238°, 


1.9 | deo. 240° |....... 05 
1,96-1.97 | 23H20, 120°.......... 
Joo vicwerdnene decomp. 
3.7-4.0 decomp. 
3.88 decomp. 
3.054 498° 
2.47-2.535 | 28:0, 100 
| 
fre Cater | | 220, 260 fase renee 
pgtaee ans Peon ve «[aas ee eee 
| 
te uletnaee cod RONANCerRtC Geren i. ° 
ir aa Milas be 
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SOLUBILITY IN 100 PARTS 


CRYSTALLINE FORM 


s olbie 


rm 


v. soluble alcohol, Il, ether 


81 


AND COLOR 
Cold water Hot Water Alcohol, acids, alkalies, ete. 
192; 0.2320° JbsiesP i ingoluble aloohol! 2-\ he INP eee ce cree wean 
193; insoluble insoluble insol. alcohol; sol. cone. cold acids | black 
194 insoluble insoluble soluble concentrated acids steel gray 
195) sol. with dec.|..........-. soluble concentrated, H2S0,4 blue eryst. powder 
Bs Snsdlable | <3 doe cstcasiose vs decomposes by acids black crystals 
197) insoluble insoluble | soluble concentrated HzSQOu, black 
oh insoluble insoluble | Insoluble conc. HCl, HNOs red rhombohedral 
199 ‘ngoluble decomp. | soluble (NH4)COr red colored 
200, 457 | 105% $1 alcohol, 8.62 acetone blue crystals 
201 76. 70° 190.710° | vy. soluble ‘ether, glycoll red monoclinic 
202; insoluble |............ soluble KCN, _ HCl, NAa aqua buff colored 
203) insoluble insoluble insoluble alkalies; soluble N Hi, salts) rose red 
Eee ir BE Rai (Ee a Se ay 100125° alcohol red monoclinic 
205) insoluble |,........... soluble acid, NHz aqua reddish white 
206) insoluble insoluble sol. acid, NH3 aqua; insol. alkalies | greenish brown 
207 insoluble insoluble pout HsPOsNHs aqua reddish 
208 + 26.28° . 600° 1, 048° Lael alcohol red powder 
209| 60.439 soluble Bee BOON URE eR ir eae pM 
i s soluble conc. HCL., aq. r., alcohol | brown needles 
decomposes by acids Seah Pemounnae nee eeuieunte 
7.143 aleohol; soluble ether dark green 
213 insoluble Pesce | soluble acids NH; aqua green 
214, 33.g0° 99, 380° soluble alcohol light blue rhombio 
215 insoluble |............ soluble acids, NH3 aqua light green 
216 insoluble decomp 0.026, CO2z aqua; soluble KCN dark green monoclinic 
217) insoluble decomp soluble NH3 aq., hot NaHCOsaq. | 
218 70.60? 107, 9100? 5316"5° alcohol, §gt5-5° methy] brownish yellow 
319, 110.40° 192, 4100 sol. NHiCl ether alcohol blue rhombic 
) 
320 Insoluble j............ soluble HNOs, NHs aqua yellowish brown 
B2ij insoluble (|............ insoluble HCl; soluble NHsaqua | yellowish green 
| 222) insoluble insoluble acids, soluble NHs aqua | brown red 
223) insoluble soluble alcohol, NHiC! Na2S:0- blue crystals 
224! insoluble eo i aR alkalies nish 
226) 137.8° 100%"5° alcoho! lue prismatic 
226) 243. 70° ..| Soluble aleohol crystalline 
227| insoluble is | insoluble H.C2H3s0O2 | bluish white 
228) hygroscopic.|.. soluble acids, NHiCl, KCN | black monoclinic 
229) insoluble =| soluble acids, NH3 aqua blue green 
230; 200° . NRODig me eee oa) ada aca easasenwaie 
231) 31.619° | 203.3100° | insoluble alcohol KeS blue triclinic 
ete IO. DOOL coco aah ec | soluble HNOs, KCN; insoluble black 
233) insoluble vseevesssss., SOluble HCl, NH3 aqua, NHiCl__| tetrahedral 
234) insoluble |............, os Nis aqua, insoluble HCl | brownish red 
235 insoluble |............ | soluble NHjaqua, poroluble NHiCl brown red 
a insoluble insoluble | soluble acids, | yellow 
insoluble {insoluble | soluble NHs aqua LiCl, HCl carmine (red) 
ce es Fae aetied | soluble HNO; alcohol, ether rhombic or regular 
4.4 ce, alcohol, soluble ether 
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j 
1 
1 
j 


Hydrazoie acid.. 


ERE fi © 9 
Hydrobromiec acid. ...| H : 


Hydrobromic acid 


Hydrochloric acid.....; HCl 


Hydrocyanie acid 
Hydrofluoric acid..... 
Hydrolodie acid 
Hydrogen 
Peroxide 
Sulphide.. 
Hydroxylamine. 
Hydrochloride 
Todic acid 


| SPECIFIC 
MOLEC-| GRAVITY | MELTING | BOILING 
NAME FORMULA ULAR | WATER, 1 POINT | POINT 
‘WEIGHT tr, | (A) *C. i bi 
| He, 1f | 
| i | 
| Ferric acetate basic....| FeOH 
(OHH Oe) 232 LOO LOT: Pe tele clavate eassorg veers tale he ete enon eer 
Chiorides sake e545 ROCiseersaees 162.23 | 2,804 (1) an er | 
@hlorideiiziy eos FeCls.6H20....| 270.33 |... .......5 87° 280°-285° 
Ferrocyanide | | 
(prussian blue)....) Fes[Fe(CN)e]s | 859.13 |............ decomp, ft. .ss.xc.cnen 
Hydroxide | Fe(OH)s....-. 106.87} 3.4-3.9 1320, 500% 
Nitrate...... -| Fe(NOs)s.9H20| 404.02 | 1.683520° 47.2° 
Oxalate...... ., Fea(C20. Ob eet BIBINO) | ineteacon tsi dee. 100° 
Oxide:. oak .| Fe2Os. 159.70 1°6:12-5.24 | focccs snes fens 
Phosphate : FePOx. SEO feeeer lop 2) Stet coal cunnariee eter oes 
Sulphate 'e2(SO. “| 399.91 | 3.097 decomp. at 
Sulphate. . F809: 08,0 BBD Ob BaD Tk ei oe rakes ditties 
Sulphide......-.-... FesSs...--...-. 07.91 | 4.25-4.41 | decomp. 
Ferrous 
Ammonium sul- | 
phate .ciceskerss« | FeSOu(NHa)2 
| 804.6 
Carbonate FeCOs. 
Carbonate. . FeCOs3. HzO 
Chloride...... MUR eC lg 70 dete 
Chloride. cg. tens.cFs FeCle.4H20.. 
Ferricyanide | 
(turnbulls blue) . | peavetonyeh | 
Ferrocyanide Fe2Fe(CN)s... 
Hydroxide. ..... ..| Fe(OH):.. 
Nitrate :seens = .| Fe(NOs)2. 620 
Rulebet memes hes 7H20.. 
Sulphide: :, 90.026: i 7 ; 
Peron eese (choride)| FeCis.2 
| 18H20 
Ferricyanide | Fe’’sFe’’s 
(prussian green)... ae 
Hydrate. ........... Fes04.4H20. . 
Oxide eiccr cree: FesOe. ocean. 
WhWOTine datacce dd aenae Bac sntney on « 
betas acid,. .| HeSiks 
Keine Shs AW 72) weapmcee st 
Calla PY: hasan apens 
Helium He +9 oie \ 
1.013}8 
1,03052 —40° 


82 
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SOLUBILITY In 100 PARTS 


Cold water Hot water Alcohol, acids, alkalies, ete. 
a Ss poet iy ec Not Someep 
mau insoluble | is... at soluble alcohol, acids 
24 74.390° 536.6100° | y, soluble alcohol, ether + HCl 
aM 246°° 625.8 soluble alechol 
{ insoluble alcohol, ether soluble 
ie ROMO fase nds «sf | concentrated HCl, Hi: 280. 
245) insoluble insoluble insoluble alcohol, ether 
246; v. soluble vy. soluble | soluble alcohol 
247, v. soluble |............ insoluble alcohol 
248 hygroscopic | insoluble | soluble acids 
249) insoluble 0.06) insoluble H.C:Hs02 
250) s. soluble decomp insoluble concentrated H2SO« 
251) v. soluble decomp. | dec. by alcohol; soluble ab. alcohol | 
252) decomp. i.........-.- | decomposes by ‘acids 
| 
253, 180° 78.275° | insoluble alcohol 
254) insoluble insoluble | soluble CO2 aqua 
255|.8. soluble |..........55 soluble acids, CO2 aqua 
256) 64,4109 105, 710° 100 alcohol 
257, 160. 110° 415.5409° | soluble alcohol 
258) insoluble = f........44 insoluble alcohol, dilute acids 
(LOGUE ghia ai Cee MMe cee citar een eee ok Cop ae an 
2 OCLC IYiy AI BSS An emp soluble NHsClacids 
261 2000° BOD: AS SEA ae anne Weias Aclulsthasaies tele siete sles 
262; 32.80° 196 .476° insoluble alcohol 
OON0ES hii csminaeis as soluble acids 
deliques ie Mahe a ripe cl Keay Mau M exe A hialg it n'a Re male a yma 
WAOlUbe isa vies sees | soluble concentrated hot HCl 
insoluble insoluble _ soluble acids 
insoluble insoluble insoluble alcohol 
decomp. Gecomp. |...-..ceevceeeceesseeees seer eereeer ees 
Braradluble — lyesseececs: / 
insoluble insoluble | insoluble acid; soluble KCN, aq. r. 
NING thie, ate Giths acca Insoluble acid; sol. alkalies, aq. r. 
1.487 cc. %5 | 1.371 ec, 35) absorbed by Baie 
BY. soluble |. ...2-. 550s soluble alcoho! 
v. soluble | soluble sista feasible ether 


288 v. soluble 
' 2860° 


v. soluble 


insoluble alcohol 


soluble alcohol 
soluble alcohol 


soluble alcohol, ether 
soluble alcohol, ether 
soluble alcohol 
soluble a © charcoal 
soluble ether, alcoho! 

9.5420° vol. al. 
soluble alcohol, acids 
soluble alcohol; insoluble ether 
vy. soluble aleohol, HNOs 
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CRYSTALLINE FORM 
AND COLOR 


amorphous 
brown hexagonal 


| dark blue crystals 


reddish brown 
rhombic 
amorphous or monocl. 


\ yellow rhombic 


amorphous 
yellow rhombic 


greenish yellow 


| blue green monoclinic 


' blue green monoclinic 


| deep blue 


white blue amorphous 
pale green crystals 
crystals 

blue green monoclinic 
black hexagonal 


yellow 


| green 
i 


black 
black octahedral 
greenish yellow 


yellow regular 
blue violet 


crystalline 
crystalline 


liquid 
crystalline 


erystallire 
monoclinic 
trimetric 
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MELTING BOILING 


NAME H POINT POINT 
| °C, °C, 

290 | Iodine......... aiceaistota 
291 | Iron pure.........+++- 
292 Wrought, <scscicnsee 
293 | White pig.........-. 
294 GrOY Dik iin saree sas 
295 ROG! cones waa eees 
296 Cast Steel..........- 

7 BOVldeseseae sess 
298 Carbide..........+.+ 
299 Carbide............. ; 
300 Disulphide.......... 
301 Nitride. 5 .0cciccsiesi 
802 | Krypton......ssese00- 


Lead 
304 Acetate sugar. 
305 Acetate basic........ 


306 | Acetate basic........ PI (CrHiO0)s 
Pb(OH)2. H20 


308} Carbonate........... PbCO; 


oO 
o 
oa 
= 

° 
2 
or 
rs 

° 


312 Chromate basic 


(chrome red) ..... ; na SSOl ee wehieane florasecavcnt 
Hydroxide........ | ; wena ae epapentenss 


pitt | 818°-853° 
1,69-1.75 4 632.6° 
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SOLUBILITY IN 100 PARTS 


f | CRYSTALLINE FORM 
j AND COLOR 
Cold water Hot water Alcohol, acids, alkalies, etc. 
290) = 0.01821° | 0.09255° soluble KI, CS:, aleohol CHCls | gray black 
291 insoluble —_ insoluble soluble acids; {insoluble alkalies cubical or regular 
292) insoluble insoluble soluble acids; insoluble alkalies 
293\ insoluble __ insoluble soluble acids; insoluble alkalies 
294) insoluble insoluble | soluble acids; insoluble alkalies | 
295 insoluble insoluble soluble acids; insoluble alkalies } 
296 insoluble insoluble | soluble acids; insoluble alkalies 
297| insoluble =| ........... soluble HNOs, hot conc. H2S04 gray crystals 
298) insoluble insoluble | soluble acids | regular 
299] insoluble |............ s. soluble HCl gray crystals 
800) 0.000049 /............ insoluble dilute acids yellow, reg. or shombic 
I Cec sl a f -BOUDIO Ll ease fae, 4am ewrenemertbe cata cacawe 
RE in Nias cin ys 5 Ais eg sie aie olde see's alone ele Rites aria andastoante eA isiats acs alel Wes kitinse a aPaCoTeeeta male 4 ataa aie 
303) insoluble | insoluble | soluble HNOs, hot concentrated regular or monoclinic 
304) 45.6415° 200100° insoluble alcohol monoclinic 
305) v. soluble |............ wa0lbble Aloohol: S726: ih. WEP el et twenan at duanenna 
806) v.soluble |............ v. soluble alcohol | needles 
5.55 | 18.2 soluble alcohol needles 
0.00198 decomp. insoluble alcohol rhombic 
309 insoluble insoluble | 0.02 COzaqua amorphoug 
310, 0.6730° 3.34200° | 0.09 dilute HCl, insoluble alcohol | rhombic 
B11) .0000218° insoluble | soluble acids, alkalies; insoluble yellow monoclinic 
12} insoluble _| Insoluble | soluble acids, alkalies | red crystals 
18} s.soluble |s.soluble | solublealkalies 4 4 48 | aeuvuccceuceevevarceeve 
0.014 MERC aie soluble alkalies regular 
0.0440° = 0, 436100° | insoluble a a soluble KI yellow hexagonal 
390° 138. gi0° =| 8. 7722° alcohol octahedral 
0.00018 {............/ insoluble alcohol, soluble HNOs  |........-..:eeereeerecee 
0.018-02) jo ciiseca ress | soluble alkalies, lead yellow rhombic 
0.0013 = insoluble acetate NH«Cl, CaCk | red hexagonal 
insoluble insoluble rCle | amorphous 
ROBO DIG = loc lus ws decomposes by acids, alkalies grayish black 
insoluble | decomp. decom poses reddish yellow 
| 
823) insoluble Jevseeseseaes soluble glacial H,C2H102 scarlet 
B24 insoluble insoluble insoluble alcohol; oor glacial H /brown hexagonal 
325) 0.00001420° | insoluble Gol) FINOp tasol, FCaBsOe oo feeanceicesb yu sive deca 
0.0042%° | g. soluble | soluble cone. HsSO«HCl Ni salts 
/ insoluble alcohol thombic 
s. soluble \. seeeeeeeees| 8. SOluble H2SOu crystalline 
8} 0.0044° @ enlnbls: |e Soluble Hew ee ag) Gath adense avanti 
0.0001 insoluble soluble conc.; acids insoluble KOH | black regular 
decomp. decomp. soluble acids | silvery 
31) 1.5390° 0.728100° | insoluble aleohol risms 
$2) 63,70° 12996° 2.47525° alcohol soluble ether octahedral 
33 Aes t Sete 8. soluble alcohol Lene 
eerOAe =) Bek AP OPES Te het tsar te alee panmag es clurca nee crystalline 
b Fe teem a 4 cae soluble alcohol rhombohedral 
y Weta Uevetdasias tatictal ds MAN ok ce teeeiee ed baler crystalline 
35. 340° 29,260" | insoluble 80% alcohol= = fuck ce vewnccveesnsecnsses 
8 insoluble gi decomp.| soluble acid, NHiasalta. = [iaccevscnevecsoveaccenas 
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MOLEC- 
NAME FORMULA ULAR | 
WEIGHT 
ieee 
anion ,-ohidarida.. .| MgCle.NHa 
Cl. 6H2O.... .| 256.84 | 
Ammon. phosphate., MgNH«PO« 
Cee 245.16 | 
Ammon. sulphate... ae oo 
360.64 
Carbonate..........- MeCOs Soe 84.82 
Carbonate basic..... 4MeCOs. Mg 
(OH)25 H20..| 485.70 
Chloride: .........+65 MgC |. eitinns 95.2 
Chloride........ ze MeCh. 6H20.. 
Hydroxide. ..... Meno} 
Nitrate... ........ Mg(NOs)2 
6H:20. 
Oxalate MgC20, 
xide. . MgO.. 
Phosphate O-. .. 
Potassium chloride. . bs Fo 
Potassium sulphate. i aes -K2S04. 
Sulphate............ MgSOx A 
Sulphate...........- ene 7H20. .| 246.50 
Manganese. .....-.....| Mn...........5 54.98 
Acetate in: einai tent 


Ammon, phosphate. 


CarBldaciss ciiwow san 
Carbonate... aha 

Chloride. ... 
Chloride. ..... 
Chloride per-. a6 
Ferrocyanide........ 


Hydroxide (ous).. ... 
Hydroxide (ic)...... 
Nitrates veyicciecsiee eu 


Oxalate: <0 o 5 ised us 
Oxide (ous). 
Oxide (ic) 
Oxide di-. 
Oxide tri-. 


Sulphide (ic). 

Sulphide ern > 

Sulphide (ous 
Manganomanganic 


Mercuridiammonium 
chloride infusible 
white ppt. ......... 


Mercuro ammonium 
Chloride. ¢ <.as vise cane 


1. 
NH.Cl...... 
NHsHgCl..... 


502,97 
252.49 


3.04 


MELTING BOILING 


2H20, 100° 
decomp, 


90° f 
decomp. |. 
1890°-1940°|, 
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Cold water 


1518° 
soluble 


insoluble 
insoluble 
insoluble 


426. 40° 
05 


379) Insoluble 


0.14 
381) insoluble 


| Hot water | | 


decomp. 
123 . 8106 -3° 


‘insoluble — 
insoluble 


0. 08100° 
insoluble 
insoluble 
insoluble 


e778 
insoluble 
insoluble 
insoluble 


insoluble 


SOLUBILITY tn 100 PARTS 


Alechol, acids, alkalies, ete. 


soluble acids, 2.21 COz aqua 


! soluble acids, NH; salts 


50 alcohol 
50 alcohol 
soluble NHi salts 


soluble alcohol 
soluble alkalies oxalates, acids 
soluble acids, NH, salts 


| soluble acids, insoluble alcohol 


| soluble aleohol 


soluble alcohol 
soluble dilute acids 


soluble alcohol 


insoluble alcohol, NH; salts 
soluble acids 

0.028, COz aqua sol. dilute acids 
soluble alcohol; insoluble ether 
soluble alcohol; insoluble ether 
soluble ether 


soluble HCl; insoluble NH, salts 
soluble acids NHg salts; insoluble 
soluble hot concentrated H2SOx 


v. soluble alcohol 

soluble dilute acids 

soluble acids, NH.Cl 

soluble acids 

soluble HCI 

soluble concentrated H2SOy 
soluble concentrated H2SOu 
soluble acids 

soluble cone., HCI, diluted HeSO« 
soluble aleohol; insoluble ether 
decom poses by 

insoluble (NHas; sol. dilute acids 
insoluble (NH)23; sol. dilute acids 


soluble hot HCl 


insoluble alcohol; soluble acids 


CRYSTALLINE FORM 
AND COLOR 


tetragonal 


prisms 
hexag. rhombohedral 


ee 
monoclinic 
rhombohedral 


monoclinic 


5 tle ae ee ae 
reddish clinic 


pale red monoclinic 


tetrahedral 
rose col, thombobedral 


green 


hexagonal 


‘grass green regular 
black regular 


reddish 


Hae ane Saareaeies 
green crystals 
ted 


brown tetragonal 
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NT 


SPECIFIC 
MOLEC-| GRAVITY | MELTING | BOILING 
NAME FORMULA ULAR | WATER, 1 POINT POINT 
WRIGHT) ray 1(A) ae ss Fi 
He, 1 (D) H 
Mercurie acetate....... Hee (C2HsO2)2..| 818.05 | 8.264422 «foo case ccalsev es cuusnee 
Carbonate basic.....| 2H2O.HeCOs | 692.00 |... 2.2.2... -fecccecccececfesecceeneeee 
Chloride: Agu. aise HgCh : 
toe 
hire catenins oreltehe 
Todide red... aia 
Iodide yellow... vested 
Nitrate.. ata aarp 
Oxides, seccann stays | f 
Phosphate........... | Hawn: eC OOLOO ST a etcuics wel enidciaw clement 
Potassium todide.. 
1293.9 | 4.2892%5° 
Sulphate............ 296.07 | 6.466 
Sulphate basic. ..... 728.07 | 6.44 
Sulphide............ 32.07 | 7.55-7.70 
Sulphide ............ 232.07 | 8.06-8.12 
Mercurous carbonate... $00.00 fein cen cine 
hloride............. 235.46 | 6.993-7.18 | nar 
: a 
235,46 | 6.482 400°-500° 
78 


Nitrate 1 ammonia. 


Oxide mon-......... 


Oxide sesqul-.... ... N 


Potassium cyanide. . 


‘| NUCN):.4E20) 
.| 4N1(OH)2. HeO} 388.80 
‘| Ni(OH)s 


Nik. 6NHs. 


: -| NENOes 8H:0 
Ni(NO. 


*{| 200:00 |13:50539 


mre 


| 


8.6-9.01 
6.44 


| sublimes 


decomp. 
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SOLUBILITY IN 100 PARTS 
: zu CRYSTALLINE FORM 
| | AND COLOR 
Cold water | Hot water Alcohol, acids, alkalies, etc. 
| 
peenroneoenininsasens fo secre rer C Pe pment —erpempnessanincinatnys — = 
2510° 1001009 soluble alcohol ‘micaceous 
Mrainsoluble i. ..sssesar.s Hus cee eta Rn ROME aie Datluca aintwiad sia ark brown scales red 
4 5. 730° 53. ggie0° =| 43.5 alcohol, 33 ether rhombic 
5|s.soluble _ soluble soluble alcohol, NHs octahedral 
6 insoluble | solublo‘acids|EINO* 032 52 i bdicasigvwovesgeseecusines 
7; 0.000417-5° | 1. 18618° alcohol; soluble red tetragonal 
8) insoluble | NaeSzOs alkalies, salts | yellow rhombic 
i) v. soluble | ldaoens soluble HNOs, insoluble aleohol crystalline 
0, 0.051525 | 0.0395100° | Insoluble alcohol; soluble acid | plates or red 
1 tnsoluble _|_s, soluble soluble acid, NHjCl.; insol. sleohol|!..ceiuimseeeewices es amass 
decomp ence Oh soluble alcohol, ether, KI ae roesmoateman pa aene nae 
ROSCOID,. 26 eas 26s aes s soluble acids, insoluble aleohol =... oo ee eee ee eee ee ee nee 
OS 8 Fe Coke lapien ne soluble acids, insoluble alcohol pollew 
BO O026 0 Por Non tres | soluble NaS; insoluble HNOs Jack amorphous 
6} insoluble insoluble | soluble aqua regia | rhombohedral or 
7; Insoluble decomp. | soluble NH«Cl black or yellow 
8} 0.00031 0.01 | ingol. al., ether; sol. Hg (NOsjz.aq.r.| rhombic 
{ 
9} 0.00031 0.01 | 8. soluble hot, HNOs tetragonal 
POSE aah ascagine | soluble KT; insoluble alcohol yellow tetragonal 
1} v. soluble Gascony. lb owaadanmenies Kia imu aden ow peaieeada hos monoclinic 
2, insoluble insoluble | soluble glacial, HC2H:30: insoluble | black 
0.2 83 soluble H2SOsH NOs monoclinic 
Gestuble K doaechieerene | insoluble acids, (NH4)2S black 
RASOLUDIG obs. sss ane He ay eee ee er Ce Lee Sey oO | crystalline 
6 insoluble insoluble | soluble HNOs concentrated H:SO, | silvery octahedral 
7 insoluble insoluble soluble HNOs concentrated H:SOs | gray 
8 insoluble |............ s. soluble, cone. H2SQx, insoluble | red prisms 
Biinsoluble j|............ insoluble acids, alkalies black to yellow 
0. 10718° 1.70579" | soluble acids, NH3 aqua rhombic 
insoluble. |, .vicscsnes soluble H2SOu, aqua regia black powder 
SNBOLUDIG:( hese reeysieise.e Lh CER ea Sad ce CREE ol ciadeinsady seek bau ela twalee be Gain 
8| s. soluble soluble soluble alkalies, sulphides | red brown 
insoluble: |. essnsouess soluble alkalies, sulphide | brown powder 
S's.soluble |...........- soluble NHs aqua needles 
‘ 0. 13328° 2.1870° soluble acids, NH3s aqua, NH yellow monoclinic 
{insoluble insoluble soluble diluted HNOs; Bs soluble | 5, Shae Ovieetite son sans 
8 (16.6 | insoluble alcohol | apple green prisms 
RRC MOLI bea) fe Saree em atetviste aise ciattee atateteharWare wis ieiprk MidicTa crave a Nin elesa green rhombic 
2.55° 39. 2%° s. soluble (NH4)2S0, aqua green crystals 
insoluble peter insoluble acids greenish rhombic 
53.80° 00° | goluble alcohol, NHs aqua yellow es 
B) -179.30° sopises vy. soluble alcohol | green hexagonal 
H) soluble decomp. insoluble aleohol; soluble NH3z aqual 4 SR MRE w tas apetate’s 
insoluble insoluble | soluble KCN; insoluble dil. KCI | apple green 
B insoluble |............ | sol. acid, NHsa ua, insol. alkalies ne eeen 
insoluble insoluble soluble acids, NHs aqua 
RRGOCOIND:  f.cueecea cine | soluble NHsaqua nes es eves seeerasenereees 
238 .50° | soluble pinata NHs aqua green monoclinic 
v. soluble insoluble aleohol nce eee erent e rete rence 
Rattuble Vics och ce sjens soluble acids NHs aqua green octahedral 
insoluble |.......-...- ' soluble HCl, NH aqua black 
mosoluble. © ©. ).< edt cnn decomposes by acids red yellow 
29.30° 83.7190° | insoluble alcohol, ether yellow monocl, regular 
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| SPECIFIC 
| MOLEC-| GRAVITY 
NAME | FORMULA ULAR-| WATER, 1 
| WEIGHT) ATR, I (A) 
es Hp, 1(D) 
435 Nickelauiphate.. | vat 7H2O. . 
436 Sulphide monoclinic! 
437 Sulphide sub-.,..... 
4388 | Nickelo-nickelic oxide. 
439 | Nitric acid... x 1.5309 
440 | Nitrogen............. -96737 A 
441} Oxide mon- (nitrous) >,937°1.5304 
442 | Oxide di- (nitric)... 1.0367 A 
443 Oxide tri-. 1.447-2° 
444 Oxide tetr. 1,49039 
445 Oxide pent 1. 64218° 
446 | Oxalic Acid. 1. 653185? 
447 | Oxygen. 1.10535 A 
448 | Ozone..... 1.658 A 
449 | Perchloric 
450 | Periodic acid...... 
451 | Permanganic acid. 
452 | Phosphine......... 
453 | Phosphine liquid... 
454 | Phosphine solid....... 
455 | Phosphoric acid 
456 
457 
458 
459 
1, 493is-s° 
460 1.6512-2° 
pL kOe A 55 2s Shree een eeiing cae Na! 9 Vac 07 Poem teem tt Like Dy Boar ae ro 


~ 
3 
= 


~ 
a 
a 


Be 
—) 


oe yellow. BS 


Phosphorous red 
Phosphorus 
Chloride tri-......... 
Chloride penta-. 
Oxide tri-. .... 
Oxide tetr-.. 
Oxide pent-. 
Oxychloride 
Platinie acid chlor... 
Platinumi.<.0) aes ose 
Chloride di-.. 
Chloride tetra-_..... 
Hydroxide (ous)... . 
Sulphide mono-.... 
Sulphide di-......... 
Sulphide sesqui-. . 
Sulphate 
Potassium.. 


Antimony] tartrate. lk 


PU a ee 
Arsenate. .. 
Bromate. 
Bromide... . 
Carbonate 


1. 83118° 
2. 29616° 
pee oan 


MELTING 
POINT 
Bez 


98°-100° 


=| 388. 20 | 2.33 
| 


860°-g98° 


90 


PHYSICAL CONSTANTS OF INORGANIC COMPOUNDS—Con. 


HANDBOOK OF CHEMISTRY AND PHYSICS 


SOLUBILITY IN 100 PARTS 


ORYSTALLINE FORM 


AND COLOR 
Cold water Hot water Alcohol, acids, alkalies, etc. 
5] 75. G15-6° 475.8100 | y. soluble alcohol green rhombic 
36) 0.00036 decomp. | soluble HNOs aqua regia black hexagonal 
Ringsoluble § |..........+. soluble HNO yellow crystals 
B8 insoluble |............ soluble acids gray 
2.348 cv.° | 1.542 ee. 8s. soluble alcohol crystals 
130. 520° 60. 8224° soluble alcohol, conc. H2S8O< = cs cence ececreeeececuce 
7.3 co, 0° 0.0.cc. 19° 3.5 cc. concentrated H2SOs st. ws eee e nec c cere cet nees 
Borables 22 eae, Mos, soluble HNOsH2SO, ether blue solid or red 
(i io) CES Ae ee pepe soluble CS2:CHCh, concentrated reddish yellow 
BUDS ye rN een ad, [entice ane ta ity A cee ne laden soa rhombic 
4.90° 120, 70° soluble aleohol crystalline 
4.89 cc. °° | 2.61 ec. 30% sol. melted Ag.;s. sol. alcohol =| ...... eee eee eee eee 
EE ie Une ns ea oil of turpentine and cinnamon =e |.........2 2 eee eee ees 
p 9| soluble septa eteap ates ain HPs ve, He ia eeials nies Wig wa s Nebckin BSc BR aie oily 
vy. soluble | ..........5 soluble alcohol, ether 
: soluble GBNONID! oss. Perea eee kee win cde 
et 8. soluble insoluble | soluble alcohol, ether, CugCle 
S insoluble |.,.......... soluble alcohol, turpentine 
insoluble insoluble | insoluble aleohol 
1) ARLES TSS Sis Berar hea Na Neate bn A RE RARE A! ae nS 
6} solubie POI Shae wie Micsvan ac oceme ameter ele toes 
v.soluble | ........... soluble aleohol 
8} v. soluble decomp. vy. soluble 
ALES ons Peon ic Peneenraa tablets 
SSR ASL Wie Sika a crystalline 
RT Sage Renee age aes needles 
0. 8. soluble | 1.59°, 108°; enzol, 0. 4; alcohol, 

1000: CSs, 4300; 935 ether; sol. alk. yellow regular 
insoluble insoluble | insoluble ether, CS»: sol. alkalies red hexag. rhomboh, 
decomp. decomp. polibie Ose ether, CHCIs. isi eadinuacimsxdeaeass 
decomp. Joareeerens soluble CSz, CeHsCOCl yellow rhombic 

6) soluble | decomp soluble CS2, ether, CHCls liquid or monoclinic 
soluble EY Os SEL ee Se sa eg a ortheorhombic 
Si v.soluble |..........., soluble concentrated H2S0. plates 
mm decomp. decomposes tablets 
y. soluble | v. soluble | soluble alcohol, ether red brown 
insoluble insoluble | soluble aqua regia, fused alkalies grayish 
2) insoluble insoluble | soluble HCl, NHs aqua brown 
Reve Boluble |... 2....5... soluble alcohol, ether brown 
! insoluble insoluble | soluble HCl, HBr, SOz aqua, alkalies) black 
i) insoluble |.........,.. insoluble acids, soluble (NH4)28 black needles 
B}insoluble j............ soluble (NHy4)2S, aqua regia black or gray 
i fnsoluble j............ insoluble acids; soluble aqua regia | steel gray 
8) soluble decomp soluble acids, alcohol, ether | yellow plates 
| decomp. decomp soluble acids, alcohol, mercury sf .v. ene eee ee eee eee e tere es 
188? 49262° $3 alcohol; insoluble ether fw. eee ence een en teers 
AAT S ES ere insoluble alcohol; soluble alkalies | crystals 
) insoluble s.soluble| soluble warm KOH crystals 
5° 52100° insoluble alcohol octahedral 
18,87 y. soluble | 4 ol needles 
SMD Fiat ea caiclans Lae ee Sid net te Sal rete a e wictil aslsad Saatiouomann sm heR eS 
} 3,10? 50100° insoluble aleohol rhombohedral 
53.480° | 102.04100° | gs, soluble alcohol, ether regular 
89. 40° 156100° AOBOMINIO SIOOHOM ce | a, Wvteaine pecurictta tive se tele/eim 
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NAMB 


FORMULA 


SPECIFIC 
MOLEC-| GRAVITY 
ULAR | WATER, 1 
WEIGHT, arr, 1 (A) 
He, 1 (D) 


6KNO2. cae 


Cobaltocyanide. .... KaCo ee Yo.. 
Cyanide............ on SEENON 
Dichromate......... noe ener 
Ferricyanide........ fore (ON)s.. 
Ferrocyanide........ KiFe(CN)s. 
3H20........ 

Formate. i. cscaxsan KCHOz........ 
Hydrosulphide. ....) KSH.......... 
Hydroxide K 
Todate........ 
Todate acid 

‘odide........ 
Todide tri-........... KI; 


Magnesium cbloride. 


RaelN 
Ornlatercisccsceva ke KCN H 0. 
Oxalate tetr-.......... KHa( 
Oxide......... : 
Oxide per-. A 
Permangan | 
nel ar 
Phosphate orth¢ 3 
Wasted hydro; n, KeHPO 
el dn 
Sreeui FON. 
Phosphate Pyro-..... he tee 3820. | 
hosphate meta-. . ae 12.220 | 
Phosphite........... KeHPOs....... 
Silicate......... .| KaSiOs......., 
Sulphate acid KHSOG... ses 
Sulphide mono-..... Lh Pere yt 
WMMTIYAtd, Oyo c<ciox esis HO, 
Tartrate acid......... KHC,HiOs.. 
Radium bromide...... RaB: 
IOHIOG: conic 33.508 
Silicitc acid meta-...... 
Silicte acid ortho-...... 
Silicon cryst....... 4 
Graphitic.... | 
Amorphous.... Sa 
Cas blderins fe cuk «ici S 
Chloride tetra-...... 
Mlnorides sc csc taaan ss is} 
Pivdridetess. aise nas 5 
Oxide di- amorphous| 


1.5216° 
2.6924° 
1.810917° 
1.853317° 
1.908 

2. 

2.044 
3.97518 
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SOLUBILITY IN 100 PARTS 


CRYSTALLINE FORM 


] AND COLOR 
Cold water Hot water Alcobol, acids, alkalies, ete, 
is os 
| 
129. 40° Pe ee ett cia wee mater a a vie © nA vig tare eB lai monoclinic 
3.30° 601048 0.833 alcohol; soluble alkalies monoclinic 
28.50° 56.6100 =| goluble alcohol, alkalies regular 
61. 59° 81,81001° | {insoluble alcohol yellow rhombic 
0.099° s. soluble | insoluble alcohol, ether yellow tetragonal 
Mohsble! 6 5 wis insoluble alcohol, ether amethyst needles 
v. soluble 122, 21082° | soluble glycerine, alcohol octahedral 
4,90° 102100° insoluble alcohol red tri-or monoclinic 
83459 77,.5100° s. soluble alcohol red monoclinic 
27,812-2° | QO. 6903? insoluble alcohol yellow monoclinic 
83118° BETTE Oe eo Eh ata acs Se nyaldabah ee eae rhombic 
soluble soluble y. soluble alcohol yellow rhombic 
10718° 178100° vy. soluble alcohol, ether rhombohedral (2H20) 
4. 740° 32, 100° insoluble alcohol; soluble KI regular 
Late anal a aie wc ohxts ale mur ammernet be RPS ames Sst de am nim widg rhombic or monoclinic 
126.19° 505. 6t00-7° || “14 98 alcohol; soluble ether regular 
Rr MORNE — Tocco oars eis's-0 soluble alcohol, KI dark blue needles 
64,.518°75 | decomp decomposes by alcohol hexagonal 
decomp TORBEN. soluble H dark green rhombic. 
13.30° | 24719009 insoluble alcohol, ether cane eeeeyerecereeeeeeess 
cba insoluble alcohol prismatic 
! 
10018° frome cian yes soluble alcohol red monoclinic 
REE he tes Crass lei ctateiay aenewee bios wir vara wainlvin eo algal aan yellowish plates 
VBI eee eee sleee cece nee eeenerseeneceneneteneretens triclinic 
y.soluble |= v.soluble | soluble alcohol, ether gray octahedral 
MOCO Avila vs vena decomposes by alcohol yellowish leaflets 
2.830° 32.3578° | soluble concentrated H2SO« dark red rhombic, 
0. 5640° 4,0840° | insoluble alcohol prismatic 
8s. soluble soluble insoluble alcohol rhombic 
18) v. soluble TBOLUDIG A) Va BORUMHA RIGOMON. 05 GI | nH Sc asacethels siamo pasa etal 
Ls) Nal eae tha icld insoluble alcohol tetragonal 
soluble WaMONIDla:} ARON QIOORGE (8 Lae Saievinnaeie in an senantene 
s.soluble  |..........-- soluble acids amorphous 
7a) 4) ae eae Gidoluble QIGOHOL |) 522s ot Dikatyaiancd aiviestialy wor eteleid pts 6) 
g ae ee Mey ey ineoluble alcohols or eae Svawicie sine saan > 
t 6. 30° 121.6100° | decomposes by alcohol monoclinic 
25 itches v. soluble | sol. alcohol, glycerine; insol. ether | brown crystals 
23 8. soluble alcoho monoclinic 
132° 158%° luble alcohol 1 
0.370° 6.1100° | insol. alcohol, H.C2HO2; soluble rhombic 
soluble soluble Solahle sions ys ae eee rans cesien ne 
MMe ee BUI AT) Cibwiaiawinn wt SURO eau ETA uado eet KE al LAS e etka stat yellowish regular 
Basolible = iiss cive seu es soluble alkalies; insoluble NHsCl | amorphous 
MAMOPUDIC: Tl icrecencccee soluble alkalies; insoluble NH«Cl | amorphous 
2) insoluble insoluble insoluble HF; soluble HNOs gray octahedral 
insoluble insoluble insoluble HF; soluble HNOs crystalline 
34) insoluble insoluble | soluble HF, KOH brown amorphous 
5| insoluble insoluble insoluble acids rhombic plates 
decom y alcohol yellow 
soluble alconl, aa HNOs gas 
decomposes Brees Odes ema ess Seceteedie cessor es, 
soluble bot hot alkalies, HF amorphous 
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| FORMULA 


NAME 

540 | Silicon 
Oxide di cryst 

541| Sulphide 
542 | Silver.... 
543 | Stlver...... 
544 Acetate 
545 Bromide 
546 Carbona 
547 Chloride 
548 Chromat 
549 Cyanide 
550} Todide 
551 Nitrate 
552 Oxide. 
553 Oxide per: 
554 Sulphate 
555 Sulphide 
556 Sulphoeya 
557 | Sodium... 
558 Acetate 
559; Aluminate..... 
560 
561 Antimonate 
562 Arsenite,... 
563 Borate tetra-...., 
564 Borate tetra-borax 
565 
566 
567 
568 
569 Carbonate. 
570 Carbonate 
571 Chloride... 
572 Chromate. . 
573 Cyanide... . 
574 Dichromate 
575 Hydroxide. 
576 | Iodide... 
577 Nitrite 
578 Nitroprus: 
579 | Oxide,. 
580 Phosphate. trisodium 
581 Phosphate disodium 
582 Phosphate mono-.... 
583 Phosphate meta- 
584 Phosphate pyro-. 
585 Phosphate pyro-. 
586 (disodium) 
587 Phosphite........... 
588 Phosphite acid....... 
589 Bilicate.cecctscsccan 
590 Silicate water glass... 
591 Stannate............ 
592 Sulphate............ 


SPECIFIC 


BOILING | 


3. 65418,2° 
2.15725° 


1, 680317° 


1.523516° 


2.25 | 
1, 618-1. 645) 


MOLEC-| GRAVITY | MELTING 
ULAR | WATER, 1 POINT POINT © 
WEIGHT) AIR, | (A) Cz Eo). 
Ha, 1 (D) 
60.30 | 2.318-2.654 1750" Ve. Sa eee 
LK 2a ar eroriaccrey rcs cpcrrae 
107.88 |10.53 961.5° 
LO Ra Rane Ap ie | 955° in air 
166.90 | 3.259 | decomp 
187.80 | 6.47328 | 427 
275.76 | 6.017.5 | dee. 200° 
143,34 | 5,561 |} 451°-460° 
331.86 | 5.523 Eine core pee 
133.89 es decomp. |.. 
234.80 | 5.67528 | 526°-556° 
169.89 | 4.3528° | 218° 
231.76 7,521 O, 300°-340"|....... ioe 
123.88 | 5.474 dee..100° |... adhe 
311.83 | 5.40 654°-676° | decomp: 
ree 83 | 6, 85-7. 32 812° | 
23. 0 | 0.973513,8° 97.6° 
136.7 | 1.4 68° to eee 
BORD lee RI. scans USA ci Oe ite ola 
-| 209.11 | 1.554 decomp. |. <j... 
i A (ee ee 
| 2.367 878° 
| 1. 69417° red heat 5 
He eet orieintncere 57 ise, 
| 2:95-8:68; |)! 2p7s7) A= eee 
Pe DVOtS Sa) Mien iy ena 
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ramicetaiate —y 


SOLUBILITY IN 100 PARTS 


Cold water Hot water Aleohol, acids, alkalies, etc. 


CRYSTALLINE FORM 
AND COLOR 


(0) insoluble insoluble alkalies; soluble HY 
decomp. sol, dil. alkalies; decomp. by aleohol 
insoluble (wlgoe HNOs, hot concentrated 

3 H2804; insoluble alkalies 

0.051 NH aqua; soluble KON 

sol. NHaaq., Na2Se0s; iosol. alcohol 

soluble cone, HCl, NUaa dice 

soluble acids, NH: aqua 

soluble NHa aqua, KON TNOs 

soluble KON, NazSi0s, NaCl 

66 alcohol, ether, myonive 

soluble N'Hs aqua, KCN 

soluble i ramigs 2804, HNOa 

soluble HaSO14, HNOs, NHa 

soluble concentrated HiSOs, HjNOs 
insoluble dil, acids; soluble N Haq. 
insoluble benzol, kerosene 


soluble alcohol, 2,1 soluble acids 
insoluble alcoho! 


insoluble alcohol 

8, soluble alcohol, N Hx salta 
insoluble aleohol 

insoluble acids; soluble glycerine 
4, soluble aleohol 

soluble acids, decomposes alcohol 
insoluble aleohol 

insoluble alcohol 

insoluble aleobol : 
insoluble cone. HCl; s. sol. aleohol 


8. soluble aleohol 

4. soluble alcohol 

“’y. soluble alcohol, ether, glycerine 
v, soluble aleohol 

0.41 ether; alcohol, 4.43 


insoluble aleohol 
insoluble 
soluble acids, al 
insoluble alcohol 


insoluble aleohol, Na and ect 
insoluble alcohol, Na a 

insoluble aleohol 

insoluble alcohol 
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hexagonal prisms 
needles 


regular 

dark red crystals 
white curdy 

yellow hexagonal 
rhombie or hexagonal 
brown powder 

black octahedral 
rhombic 

gray black regular 
curdy 


‘monoclinic prisms 
amorphous 


monoclinie 

octahedral 
fase naua tigeraninn a tai 
monoclinic 

regular 

powder 
‘monoclinie 
monoclinic 

regular 


yellow tricliatc 


sprang: Magen td 
orystalline 
red triclinic 


clog 


rhombte 
rhombie 
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Sulphide penta-..... 
Sulphite............. 


Sulphite acid..... 
Stannic acid meta-. 


Sulphate 
Strontium........ 


Chloride tetra-....... 
Oxide di-............ 


Oxide sesqui-........ 
Oxide fede vain beneots 


Oxide hepta-......... 
Sottea U7) bo eee 


ener eae noes 


Sulphide (blende).. 


Oxide @-tri-......... 80. 


SPECIFIC | 
MOLEC-| GRAVITY 
NAMB FORMULA ULAR | warTeR, | 
WEIGHT Arr, 1 (A) 
2,1 ( 
Sodium 
Sulphide mono-..... 


svevesecne 


|e onic pieton 
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‘PHYSICAL CONSTANTS OF INORGANIC COMPOUNDS—Con. 


SOLUBILITY IN 100 PARTS 


CRYSTALLINE FORM 


: AND COLOR 
Cold water | Hot water | Alcohol, acids, alkalies, ete. 
| 
um Z LOWE Sereno Wid We. SS ier ky 
{ 
8 15, 410° 59. 2%° | 4g, soluble aleohol; insoluble ether [flesh colored amorph. 
14) soluble soluble s. soluble alcohol ane 
ie ee | eties 
. . insoluble alcoho! 
17, 8.soluble _| soluble insoluble alcohol 
Insoluble insoluble insoluble acids; sol. KOH amorphous 
9, soluble decomp. __ sol. alcohol, C82, oil of turpentine | liqui 
insoluble insoluble soluble concentrated HsSO« amorphous 
)1, insoluble insoluble | soluble concentrated H2SO« | tetragonal, hexagonal 
insoluble soluble cone. HCl, alkalies, sul. | yellow hexagonal 
} = 83, 90° 269.818° | gol. alkalies, alcohol, tartaric acid ..........0..c0ceeneeees 
4) 118.70° . sol. alkalies, alcohol, tartaric acid | monoclinic 
insoluble | sol. dil. acids, alkalies, insoluble yellow amorphous 
6 insoluble, | soluble acids, NH«Cl; insol. alkalies black regular 
18. 919 soluble H2SO, | crystals 
decomp. __| decomp. soluble acids, alcohol erystalline 
0. 0011189 Bunion duane 0.12 H2COs aqua; soluble acids | rhombic 
{ ice oe Me ; Led ° | soluble absolute alcohol | 
H fone! sea aa tate acetic: acts, NH, salts monoclinic prisms 
. . soluble 4C) be eiccte mature secetaimtare wis ite ni Wihs 
4) 39. 50° | 101. 1100° 0.012 absolute alcohol | regular octahedral 
0.005138° , = 100 | soluble HCl ease nau Meee aa epvaittels 
6, decomp. ‘ohana Oem | gs, soluble alcohol, insoluble ether gray white 
7 0.011438 | 0,010410° | insoluble diluted "HeSOx, aleohol | rhombie 
8 insoluble | insoluble __ partly soluble CS: pale yellow amorph. 
M insoluble |......-+.4.- | insoluble CS: amorphous 
UBIO Rc asslces vias | insoluble NaCl pale yellow 
Matneoluble |. ii.s cvs. c5: insoluble CS: | eitron yellow amorph, 
2, insoluble insoluble | soluble CSs, aleohol, CHsCl, CeHs | yellow prisms 
3, insoluble insoluble | 24, 181.3, CS: | yellow octahedral 
4; decomp AGSCOM PEs bese naeasleniak woe ore nike sane Eh YELLOW. brown liquid 
979 ec.° 1560 co. 50° | soluble alcohol, H2SO4, H.C2HsO2 |........-.2-ce cee eee eee 
decomp, = js... 050-00 | decomposes by alcohol, ether | blue green crystals 
decomp. | decomp soluble concentrated H:SO« prismatic crystals 
| 
decomp TGOSOME el Mola een arise cama Apa Lacon «alain s alniacas | silky needles 
decomp. decomp stubs conosteraved He80. | needles 
Moe reser ereccsicsveesesrens ecom Se8 alcoho. evepcccecesuserevesssnee 
insoluble insoluble lubh oes HSOu, dilute HNOs, {| rhombic 
insoluble insoluble | Be a hot KO 3 1) white tetragonal 
Ms tony S| svesicts tee i . gray 
insoluble insoluble . insol. alcohol, sol. acids, alkalies |.......2.+++eeeeeeseeees 
insoluble decomp. | soluble acids | dark gray amorphous 
insoluble insoluble | soluble HNOs aqua. regia, conc. hot) gray to black 
| insoluble insoluble | soluble acids, alkalies, HC2HsO: | crystalline 
302° 100° | 2. 825°16679°alcohol monoclinic laminae 
2090° 616190 | 100326 alcohol, v, soluble ether octahedral 
0.00042!8° | insoluble | soluble acids, les rhombic prisms 
824. 50° v. soluble alcohol tetragonal 
0, 00818° soluble acids, alkalies ana eeeceesceceeveesress 
0.001 soluble acids, alkalies, NH«Cl yel., hexag. or amorph. 
i Bets 2 pea dee by BIOS ert SIO h aadabmaeleng seeaanee ’ 
| Insoluble soluble acids, alkalies, NHs aqua. |......-.-00seeeeeeeeeere 
43 .020° s. soluble alcohol aE oreo aly Meleagris 
} 115. 20° s. soluble alcohol rhombic prisms 
NC eininc's anv Sbec wb Mais ay usiel wap aden ante b nhc ness Ls eva Reasias pane | monoclinic or tetrag. 
0.00069 insoluble | v. soluble acids; insolubleHC2Hs02 |....-....--+.0s sence ees 
0.000065 soluble acids, NH aqua. gray crystals 


| insoluble 
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SEPARATION OF THE METALS INTO GROUPS 
Outline of the process 


Solution containing all the metals: add HCl. 


Filtrate: add HS. 
Precipitate: Sas es Se tan rie. came 
Precipitate: Filtrate: addN HiOHand(N Ay)S. 
AgCh HECh | 568, PbS, BuSs, CaS, | = 
| , » BisSs, abs } 
PbCh. : aa Precipitate: | Filtrate: 
, AseSs, SbeSs, SnS, 
Cus Amie Sea AlOsHs add (N H,):COs. 
| SnS. Add (NH4)2Sz. . Cr03Hs a eS. 
| | | Precipitate: | Filtrate: 
| Residue: Solution; | CoS, NiS, | 
| 1 FeS, ZnS BaCOs, Mg. Kand 
‘eS, ZnS, | | 
| HegS, PbS, (NBu)sAs&s, 2 | grCOs, | Nasalts. 
n8. 
BisSs, CdS, (NH1)s8b8e, CaCOs j 


| Cus. (NHy):Sn8s, 


i 


PRECIPITATION AND SEPARATION OF LEAD, SILVER AND) 
MERCUROUS MERCURY 
os Outline of the process 


Precipitate: AgCl, HgCl, PbCl: add hot water 


Residue: AgCl, HgCl. add NH.OH. Sohition: | PbClz 
Pe Liga 
Residue: | Solution: add HNOs| add HO: | add H2S 
NE2HeCl | aah. 5 eee toone part | to another 
| 
Hg, | renee eet Precipiate: Precipitate: 
| 


PbSO; PbS. 
\ 
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Residue: Hg8. 
Dissolve in HCl 
and KCl0s; add 
SnCh. 
Precipitate: HgCl 


- Precipitate: Hg8, PbS, BuSs, cas, Cus. Boil with HNOs. 


pitate: - AlOsis, CrOa¥s, Cu tbo 


ue: CoS, NiS (Fe tn emall amount), 


SEPARATION OF MERCURY, LEAD, BISMUTH, CADMIUM 


AND COPPER 
Outline of the process 


Solution: add H*8O4, 


Piceipitate: ‘\n Piltrato: add NIGOH. 


PbSO.. Pr Preeipitate: —»-Filtrate: add KCN and HyS' 
| BiOsT. es 
| Disnolve in HCl, Precipltnte: | Solution: 
ond odd to He. Cd8. KON,.CuON 
| pissinténtat | 
} BOC, 


SEPARATION OF ARSENIC, ANTIMONY AND TIN 


Outline of the process 


Preeipitate: AwBn, BBs, Bnf, Add. wrong HCl, 


. Solution: BbCly, BnCl (and small mmount of HaheOu), 


Residue: Asis. 
Dissolve in HCl and Place in hydrogen generator, 
KCl04; add NH,OH, |~ Abe : 
NHAC1, and MgCh. Residue: Bn, Gas evolved: Bbify (and Ans). 
Tae | Dissolve in strong | Pans through a hot tube, 
niet: cat el itch Secale Ab (and As). 
MgeNHsAsO,, 4 SOT VERE 
| addatatey Treat with NaOCl, 
sicbig | Raaibiies q olution oy), 


- SEPARATION OF NICKEL AND COBALT 


Outline of the process 


Cos, Nis, Vo8, Mn8, Zn, 


Bag (TOs Bre (POOs 
POs a, MeN HaPOd, Treat with ay i 


tuts 


Dissolve tn aqua olution, 


regia and add NWO, 


bs Filtrate: San N i sale, add KNOi and 
; HOD. 
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TEXT BOOKS, MANUALS AND REFERENCE BOOKS 
Physics 

Adams’ ‘‘Physical Laboratory Manual.” 
Ames’ “Theory of Physics,”’ 
Ames’ ‘Text Book of General Physics” 
Ames and Bliss’ ‘‘Manual of Experiments in Physics.” 
Avery’s ‘“‘School Physics.” 
Ayrton’s ‘Practical Electricity.” 
Bonney’s ‘‘Induction Coils.’ (A practical manual for amatew 

coil makers.) 
Bottone’s ‘‘Electrical Instrument Making.” 
Bottone’s ‘‘Galvanic Batteries.” 
Boys’ “‘Soap Bubbles and Forces Which Mould Them.” 
Carhart’s ‘Electrical Measurements,” 
Carhart’s ‘‘Primary Batteries.” 
Carhart’s ‘‘University Physics.’’ Part I, Part IT. 
Carhart and Chute’s ‘‘High School Physics.” 
Carhart and Patterson’s ‘Electrical Measurements.” 
Chester, Dean and Timmerman’s ‘Laboratory Manual i 

Physics.” 

Chute’s ‘Practical Physics.” 
Chute’s ‘Laboratory Manual.” 
Coleman’s ‘‘ Laboratory Manual.” 
Cooley’s ‘Student’s Manual of Physics.”’ 
Crew’s ‘‘Elements of Physics.”’ 
Crew’s ‘‘General Physics.”’ 
Crew and Tatnall’s ‘‘ Laboratory Manual of Physics.’ 
Cajori’s ‘‘History of Physics in Its Elementary Branches.” 
Dolbear’s ‘‘First Principles of Natural Philosophy.’ 
Dolbear’s ‘‘Art of Projection.”’ 
Derr’s ‘‘Potography for Students of Physics and Chemistry.” 
Everett’s ‘‘C. G. 8. System of Units.” 
Ferry’s ‘Brief Course in Elementary Dynamics.” 
Ferry’s ‘‘Practical ee 
Gage’s ‘‘Principles of Physies.’’ (Revised by Goodspeed.) 
Gage’s ‘‘Laboratory Manual and Note Book.” 
Ganot’s “Elements of Physics.’’ (Seventeenth edition.) H 
Hall and Bergen’s ‘‘Text Book of Physics.”’ 3 
Harvard ‘Descriptive List of Elementary Physics Experiments 


Hasting and Beach’s ‘Text Book of General Physics.’’ +4 
Hoadley’s ‘‘Brief Course in Physics.”’ : 
Hopkins’ ‘‘Experimental Science.” (Twenty-third edition.) 


volumes. 
Jackson’s ‘‘Elementary Electricity and Magnetism.” 
Kerr’s ‘‘ Wireless Telegraphy.”’ 
Lockyer’s “‘Spectrum Analysis.’ 
Lodge’s ‘‘Elementary Mechanics.” 
Mann’s ‘‘Manual of Advanced Optics.” , 
Mann and Twiss’ ‘‘Physics.’’ | 
Meadowecoft’s ‘A, B, C of Electricity.” 
Miller’s ‘Laboratory Physics,’’ 
Millikan’s ‘‘Mechanics, Molecular Physics and Heat.” 
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Millikan and Gale’s ‘‘A First Course in Physics,”’ 

Millikan and Gale’s ‘‘A Laboratory Course in Physics.”’ 

Millikan and Mill’s ‘‘Electricity, Sound and Light.” 

Mumper’s ‘‘Text Book of Physics.”’ 

Michelson’s ‘“‘The Velocity of Light.” 

Michelson’s “‘Light Waves and Their Uses.’’ 

Nichols’ ‘‘Outlines of Physics.’’ 

Nichols’ ‘“‘Laboratory Manual of Applied Electricity and Mag- 

netism.”’ Vol. I, Vol. II. 

Nichols’ Smith and Turton’s ‘‘Manual of Experimental Physics.” 

Ostwald’s ‘‘Manual of Physical and Chemical Measurements.” 

Rood’s “Modern Chromatics.’’ 

oscoe’s ‘‘Spectrum Analysis.’’ 

Salomon’s ‘‘Experiments with Vacuum Tubes.”’ 

Sabine’s ‘“‘Laboratory Course in Physical Measurements.” 

Shearer’s ‘‘ Notes and Questions in Physics.’’ 

Smithsonian ‘‘ Instrument Tables.”’ 

Stewart and Gee’s ‘“‘Lessons in Elementary Practical Physics.” 

Stewart’s ‘“‘Lessons in Elementary Physics.’’ 

Twiss’ ‘‘Laboratory Lessons in Physics.’’ 

hompson’s “Elementary Lessons in Electricity and Magne- 
tism. 

Lhompson’s ‘Dynamo and Electric Machinery.” 

Thompson’s “Light Visible and Invisible.’’ 


] 

eteon’s “Text Book of Physics.’’ 

atson’s ‘‘Text Book of Practical ti iret 

Wentworth and Hill’s “Text Book of Physics.” 
Wentworth and Hills’ “Laboratory Exercises in Physics.” 

Whiting’s ‘‘Physical Measurements.” 

hiting’s ‘‘Mathematical and Physical Tables.’ 


a) Chemistry 


henius’ ‘ Immuno-Chemistry.”’ 
‘Baskerville’s ‘‘General Inorganic Chemistry.”* 
Baskerville and Curtis’ iS aheators Manual.” 
Brownlee and Others ‘Principles of Chemistry.” 
Brownlee and Others ‘‘Laboratory Manual.” 
Chicago High School Manual of Chemistry.”’ 
larke and Dennis’ ‘‘Elementary Chemistry.” 
larke and Dennis’ ‘‘ Laboratory Manual.” 
Blount’s ‘‘ Practical Electro-Chemistry.”’ 
ohen’s ‘‘Tests and Reagents.”’ 
fresenius’ ‘Quantitative Chemical Analysis.’’ Two volumes. 
etman’s “‘Blow Pipe Analysis.’’ 
dempel’s ‘‘Methods of Gas Analysis.’’ 
essier & Smith’s ‘‘Wssentials of Chemistry with Manual.”’ 
sh’s “Qualitative Analysis for Secondary Schools.” 
ones’ ‘Elements of Physical Chemistry.” 
ones’ “Electrolytic Dissociation.” 
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Jones’ ‘‘Elements of Inorganic Chemistry.” 

Le Blane’s ‘“‘Text Book of Electro-Chemistry.”’ 

Linebarger’s ‘‘Elementary Chemistry.” 

McGregory’s ‘Manual of Qualitative Chemical Analysis.” 

McPherson and Henderson’s “An Elementary Study in Chem-_ 
istry.” 

McPherson and Henderson’s “‘Exercises in Chemistry.”’ 

Nernst’s “Theoretical Chemistry, from Standpoint of Avagadro’s | 

. Rule and Thermo-Dynamics.”’ 

Newell’s ‘‘ Descriptive Chemistry.” 

Newell’s “Experimental Chemistry.’’ 

Newell’s ‘‘Manual of Experiments.” 

Noyes’ ‘Qualitative Chemical Analysis.” 

Noyes’ ‘‘Elements of Qualitative Chemical Analysis.’’ 

Noyes’ “Organic Chemistry.”’ 

Ostwald’s “Manual of Physical and Chemical Measurements.” 

Ostwald’s “Principles of Inorganic Chemistry.”’ 

Rolfe’s “‘The Polariscope in the Chemical Laboratory.’’ 

Smith and Hale’s ‘‘Laboratory Outline in General Chemistry.” 

Stoddard’s ‘‘Outline of Qualitative Analysis.” 

Storer and Lindsay’s “Elementary Manual of Chemistry.” 

Remsen’s “Organic Chemistry.” 

Remsen’s ‘‘ Inorganic Chemistry. 

Remsen’s ‘‘College Text Book in ‘Chemaictey,” 

Remsen’s ‘‘ Introduction to Study of Chemistry.” 

Remsen’s ‘‘ Laboratory Manual.’ 

Talbot & Blanchard’s ‘‘Electrolytic Dissociation Theory.” 

Walker’s “Introduction to Physical Chemistry.” 

Williams’ ‘‘Elements of Chemistry.”’ 

Williams’ “Introduction to Chemical Science.” 

Williams’ ‘‘Chemical Experiments.”’ 

Williams’ ‘‘Laboratory Manual in Inorganic Chemistry.” 

Williams’ ‘‘Laboratory Manual i in, General Chemistry.”’ 

Young’s “Fractional Distillation.” 
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SULPHURIC ACID 


Lunge and Isler 


Eo | leo | 
> 6B 100 PARTS BY | & p | 100 parts BY 
46 1LITER CON- | ¥% ¢G 1 LITER CON- 
2 | Wwieut cor- WHIGHT COR- 
& = | resronp ro | TAINSGRAMS | §& 5 | Rusponp to | TAINS GRAMS 
8% | | 2% 
Blais | SOs | HeSOs' SOs  H2SO. a3 | SOs | H280;} SOs | HaSOs 
‘ok eae LAR ea ; ea |. i ke i ome 
| } i 
|per cent per cent, ‘per cent per cent i 
1.000 0.07 | 0.09 | 4 1 | 1.265; 28.69 | 35.14 363 444 
1.005 0.68; 0,83 | (iam 8 || 1.270] 29.15 | 35.71 370 454 
1.010 1.28} 1.87 | 13 | 16 || 1.275 29.62 | 36.29 377 462 
1.015 1.88} 2.30) 19 23 || 1.280; 30.10) 36.87 385 472 
1,020 2.47 3.03 25 31 i 1.285 | 30.57 | 37.45 393 481 
1,025 3.07 | 3.76 32 39 | 1.290) 31.04 | 38.03 400 490 
1.030 3.67; 4,49 33 46 | 1.295; 31.52) 38.61 408 500 
1.085; 4.27) 5.23 | 44 54 1.300 | 31.99 | 39.19 416 510 
1.040 4.87 i 5,96 | 51 62 | 1.305} 32.46) 39.77 424 519 
1.045 5.45 6.67 57 71 | «1.810; 32.94; 40.35 432 629 
1.050 6.02; 7.37 63 | 77 | 1.815) 38.41) 40.93 439 538 
1.055 6.59 8.07 | 70 | 85 | 1.320} 33.88) 41.50 447 548 
1.060 | 7.16 8.77 76 93 | 1.325 | 34.35 | 42.08 455 557 
1.065 7.73 9,47 | 82 | 102 | 1.380; 34.80) 42.66 462 567 
1.070 8.382, 10.19 89 | 109 | 1.335; 35.27) 43.20 471 577 
1.075 8.90 | 10.90 | 96 | 117 1.340} 35.71) 43.74 479 | 586 
1.080 9.47 | 11.60 103.5 «125 1.345 | 36.14, 44.28 486 = 5596 
1.085 | 10.04 12.30 109 | «183 | 1.350) 36.58) 44.82 494 605 
1.090 | 10.60 12.99 116 | 142 | 1.355 | 37.02; 45.35; 502 614 
1.095 | 11.16) 13.67) 122 150 || 1.360] 37.45 45.88 509 624 
1.100) 11.71; 14.35 129 158 | 1.365 37.89 | 46.41 517 633 
1.105 | 12.27; 15.03) 136 166 || 1.370 38.32 46.94 525 | 643 
1.110 12.82, 15.71) 143 176 || 1.875 | 38.75 | 47.47 / 533 | 653 
1.115 | 13.36) 16.36 149 183 | 1.380; 39.18 48.00, 541 662 
1.120 | 13.89 | 17.01 156 191 || 1.385 | 39.62) 48.53) 549 672 
1.125 | 14.42} 17.66 162 199 | 1.390 40.05; 49.06 557 682 
1.130 | 14.95 | 18.31 169 | 207 | 1.395 | 40.48 | 49.59 564 692 
1.135 | 15.48) 18.96 176 215 | 1.400! 40.91) 50.11 573 702 
1.140 16.01) 19.61 183 223 || 1.405) 41.33 50.63 581 711 
1.145) 16.54) 20.26 189 231 | 1.410) 41.76) 61.15 589 721 
1.150) 17.07) 20.91 | 196 239 || 1.415} 42.17 | 51.66 597 730 
1.155 | 17.59 | 21.55 248 1.420 | 42.57) 52.15 | 604 740 
1.160 | 18.11 | 22.19 210 257 | 1,425) 42.96; 52.63; 612 750 
1.165 | 18.64) 22. 217 266 || 1.430| 48.36, 53.11 620 759 
1.170 | 19.16 | 23.47 275 1.435 | 43.75) 53.59 628 769 
1.175 | 19.69| 24.12] 231 | | 1.440 | 44.14) 54.07 636 779 
1,180 | 20.21] 24.76) 238 292 || 1.445 | 44.53 | 54.55 643 789 
1,185 | 20.73 | 25.40| 246 301 1.450 | 44.92 | 55.03) 651 798 
1.190 | 21.26 | 26.04 | 253 310 1.455 | 45.31) 55.50} 659 808 
1.195 | 21.78 | 26.68 | 260 319 1.460 | 45.69 | 55.97| 667 | 817 
1,200 | 22.30) 27.32 | 268 828 1.465 46.07| 56.438] 675 827 
1,205 | 22.82; 27.95 | 275 337 1.470 | 46.45 | 56.90) 683 837 
1.210 23.33 | 28.58 | 282 346 1.475 | 46.83 | 57.37 691 846 
1.215 | 23.84) 29.21 | 290 355 1.480 | 47.21 | 57.83 699 856 
1.220 | 24.36 | 29.84) 297 364 1.485 | 47.57) 58.28) 707 865 
1.225 | 24.88) 30.48) 305 373 1.490 | 47.95 | 58.74) 715 876 
1,230 | 25.39! 381.11 812 382 1.495 | 48.34) 59.22 723 885 
1.235 | 25.88 31.70} 320 391 1.500 | 48.73} 59.70} 731 896 
1.240 | 26,35 | 32.28 | 327 400 1,505 | 49.12) 60.18] 739 | 906 
1.245 | 26.83 32.86 834 409 1.510} 49.51 | 60.65) 748 | 916 
1.250 | 27.29} 33.43 341 418 | 1,515) 49.89 | 61.12 756 926 
1.255 | 27.76 | 34 $48 | 426 | 1,520 61.59 | 764 936 
1.260 | 28.22 | 34.57| 356 435 | 1.525 | 50.66 62.06 | 773 946 
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SULPHURIC ACID—Continued 
Lunge and Isler 


SPECIFIC GRAYVITY| 
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pak pe ea fk Ha fp pf kf ak fa ol ff lf a lp a pl tf 
Satgs3° aa 
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| 
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100 PARTS BY 
WEIGHT COR- 
RESPOND TO 
SOs | H:SOs 
per centiper cent 
51.04 | 62.53 
51.43 | 63.00 
51.78 | 63.43 
62.12 | 63.85 
52.46 64.26 
52.79 | 64.67 
58.12 | 65.08 
53.46 | 65.49 
53.80 | 65.90 
54.13 | 66.30 
54.46) 66.71 
54.80 | 67.13 
55.18 | 67.59 
$5.55 | 68. 
55.93 | 68.51 
56.30 | 68.97 
56.68 | 69.48 
57.05 | 69.89 
57.40 | 70.32 
57.75 | 70.74 
58.09 | 71.16 
58.43 | 71.57 
58.77 | 71.99 
59.10 | 72.40 
59.45 | 72.82 
59.78 | 73.23 
60.11 | 73.64 
60.46 | 74.07 
-82 | 74.51 
61.20 | 74.97 
61.57 | 75.42 
61.93 | 75.86 
62.29 | 76.30 
62.64) 76. 
63.00 | 77.17 
| 63.35 | 77.60 
63.70 | 78.04 
64.07 | 78.48 
64.43 | 78.02 
64.78 | 79.36 
65.14) 79. 
65.50 | 80.24 
65.86 80.68 
66.22 | 81.12 


1 LITER CON- 
TAINS GRAMS 


781 | 957 
789 | 987 
797 | 977 
805 | 987 
813 | 996 
821 | 1008 
829 | 1015 
837 | 1095 
845 | 1035 
853 | 1044 
861 | 1054 
869 | 1064 
877 | 1075 
886 | 1085 
804 | 1096 
904 | 1107 
913 | 1118 
921 | 1128 
930 | 1139 
938 | 1150 
947 | 1160 
955 | 1170 
964 | 1181 
972 | 1192 
981 | 1202 
989 | 1212 
99g | 1222 
1007 | 1233 
1016 | 1244 
1025 | 1256 
1034 | 1267 
1043 | 1978 
1053 | 1289 
1062 | 1301 
1071 | 1312 
1080 | 1323 
1080 | 1334 
1099 | 1346 
1108 | 1357 
1118 | 1369 
1127 | 1381 


O04 
1156 | 1416 


IN VACUO 
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100 PARTS BY 


| WBIGHT COR- 


1 LITER CON- 


15° 


SPECIFIC GRAVITY 
eo 


SOs | H:SO. 
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RESPOND TO SET SY 
SOs | HsSQy 
| 
\per cent\per cent, 
66.58 | 81.56 
66.94 | 82.00 
67.30 | 82.44 
67,65 | 82.88 
68.02 | 83.32 
68.49 | 83.90 
68.98 | 84.50 
69.47 | 85.10 
69.96 | 85.70 
70.46 | 86.30 
70.94 | 86.90 
71.50 | 87.60 
72.08 | 88,380 
72.69 | 89.05 
73.51 | 90.05 
73.63 | 90.20 
73.80 | 90.40 
73.96 | 90.60 
74.12 | 90.80 
74.29 | 91.00 
74.49 | 91.25 
74.69 | 91.50 
74.86 | 91.70 
75.03 | 91.90 
75.19 | 92.10 
75.35 | 92.30 
75.53 | 92.52 
75.72 | 92.75 
75.96 | 93.05 
76.27 | 93.43 
76.57 | 93.80 
76.90 | 94.20 
77.23 | 94.60 
77.55 | 95.00 
78.04 | 95.60 
78.33 | 05.95 
79.19 | 97.00 
79.76 | 97.70 
80.16 | 98.20 
80.57 | 98.70 
80.98 | 99.20 
81.18 | 99.45 
81.39 | 99.70 
81.59 | 99,95 
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By W.C. Ferguson 


é See 
4 p | & | cs) 

4 ae se “4 4 | 2a Ee 
Sf as HO Pa ea aa a6 
eo, | BA ac | #@ | eek | 88 Pt 
based AE ak i a | ojo fa 5 am 

ag A ij bal 5 AE a 

a 5 a | 

a | a o | 

1.0741 14.82 | 12.86 | 23.75 1.1959 | 39.18 31.58 
1.0761 15,22 13.18 || 24.00 1.1983 | 39.66 31.94 
1.0781 15.62 13.49 1 24.25 1.2008 | 40.16 32.31 
1.0801 {| 16.02 13.81 || 24.50 1.2033 40.66 32.68 
1.0821 ; 16.42 14.13 24.75 1.2058 | 41.16 33.05 
1.0841 | 16.82 14,44 |} 25.00 | 1.2083 | 41.66 33.42 
1,0861 17.22 14.76 25.25 1.2109 42.18 33.80 
1.0881 | 17.62 15.07 |, 25.50 1.2134 42.68 34,17 
1.0902 18.04, 15.41 25.75 1.2160 43.20 | 34.56 
1,0922 18.44, 15.72 || 26.00 1.2185 43.70 | 34.94 
1.0943 18,86, 16.05 26.25 1.2211 44.22 35.33 
1.0964 19.28, 16.39 26.50 1.2236 | 44.72 35.70 
1.0985 19.70 16.72 26.75 1.2262 45.24 36.09 
1.1006 20.12 17.05 || 27.00 1.2288 45.76 36.48 
1.1027 20.54 17.38 | 27.25 1.2314 | 46.28 36.87 
1.1048 20.96 17.71 i 27.50 1.2340 | 46.80 37.26 
1.1069 21.38 18.04 | 27.75 1.2367 47.34 37,67 
1.1090 21.80 18.37 | 28,00 | 1.2393 | 47.86 88.06 
1.14111 22.22 18.70 28.25 1.2420 | 48.40 | 38.46 
1.1132 22.64 19.02 | 28.50 1.2446 | 48.92 | 38.85 
1.1154 23.08 19.36 | 28.75 1.2473 | 49.46 | 39.25 
1.1176 23.52 19.70 | 29.00 1.2500 | 50.00 39.66 
1.1197 23.94 20.02 29.25 1.2527 50,54 40.06 
1.1219 24.38 20.36 29.50 1.2554 | 51.08 40.47 
1,1240 24.80 20.69 29.75 1.2582 51.64 40.89 
1.1262 25,24 21.03 30.00 1.2609 52.18 41.30 
1.1284 25.68 21.36 30.25 1.2637 62.74 | 41.72 
1.1306 26.12 21.70 || 30.50 1.2664 63.28 42.14 
1.1328 26.56 22.04 80.75 1.2692 53.84 42,58 
1.1350 27.00 22.38 31.00 1.2719 54.38 43.00 
1.1373 27.46 22.74 81.25 | 1.2747 | 54.94 43.44 
1.1395 27.90 23.08 |; 31.50 1.2775 55.50 43.89 
1.1417 28.34 23.42 31.75 1.2804 56.08 44.34 
1.1440 28.80 23.77 || 32.00 1.2832 56.64 44.78 

| 1.1462 29.24 24.11 || 32.25 1.2861 67.22 45.24 

+ 1.14 29.70 24.47 32.50 1.2889 | 657.78 45,68 

| 1,1508 30.16 24.82 || 32.75 1.2918 58,36 46.14 
1,1531 80.62 25.18 83.00 1.2046 58.9! 46.58 
1,1554 31,08 25,53 33.25 1.2975 59.50 47.04 
1.1577 31.54 25,88 83.50 1.3004 60.08 47.49 
1,1600 32.00 26.24 33.75 1.3034 60.68 | 47.95 
1.1624 82.48 26.61 34.00 1.3063 | 61.26 48.42 
1.1647 32.94 26.96 34.25 1.3093 | 61.86 48.90 
1.1671 33.42 27.33 34.50 1.3122 62.44 49.35 
1.1694 33.88 27.67 34.75 1.3152 63.04 49.83 
1.1718 34,36 28.02 35,00 1.3182 63.64 50.32 
1.1741 34.82 28.36 35.25 1.3212 64.24 50.81 
1.1765 35.30 28.72 35,50 1.3242 64.84 61.30 
1.1789 35.73 29,07 35.75 1, 3273 65.46 51.80 
1.1813 36.26 29.43 86.00 1.3303 66.06 52.30 
1.1837 36.74 29.78 36.25 1.3334 66.68 52.81 
1.1861 37.22 30.14 | 36.50 1.3364 67.28 53.32 
1.1885 37.70 30.49 | 36.75 1.3395 67.90 53. 
1.1910 38.20 30.86 37. 1 6 68,52 54.36 
1.1934 38.68 31,21 37.25 1.3457 69.14 54.89 
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1.3712 | 74.24 | 59.43 45.00 | 1.4500 | 90,00 | 77.17 
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43.00 | 1.4216 | 84.32 | 70.33 | | 
i I i 


Specific Gravity determinations were made at 60° F., com- 
pared with water at 60° F. : 

From the Specific Gravities, the corresponding degrees Baumé 
were calculated by the following formula: 


145 
Sp. Gr. j 
Baumé Hydrometers for use with this table must be graduate 
by the above formula, which formula should always be printe 


on the scale. 
Atomic weights from F. W. Clarke’s table of 1901. O = 16._ 


Baumé = 145 — 


Allowance for temperature: 


At 10°— 20° Bé. — 1/30° Bé. or 0.00029 Sp. Gr. = 1° 
20° — 30° -Bé. — 1/28° Bé. or 0.00044 Sp. Gr. = 1° 
30° — 40° Bé. — 1/20° Bé. or 0.00060 Sp. Gr. = 1° 
40° — 48.5° Bé. — 1/17° Be. or 0.00084 Sp. Gr. = 1° 


Authority—W. C. Ferguson 


F. 
F. 
F. 
F. 
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HYDROCHLORIC ACID 
By W. C. Ferguso 


.~ Loerie 
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¥ Boe Sa 3 [ B | a 
= iS) j | oO 
| a oh | RB 4 ied Ls at 
a & a | cs) Ba & 
2 SW anit Beds e ras x 
& 8 Ga | g 3 E Oo | 
a Bods BE Sree] ee : 
8 Rea he eck Rec ePae 
eal ee een A Sed ‘Ron 
1.00 | 1.0069 1.38 1.40 16.7 | 1.1301 | 26.02 | 25.72 
2.00 | 1.0140 | 2.80 2 82 16.8 | 1.1310 | 26.20 | 25.89 
3.00 | 1.0211 | 4.22 4.25 16.9 | 1.1319 | 26.38 | 26.05 
4.00 | 10284 | 5.68 5.69 | 17.0 | 1.1398 | 26.56 | 926.22 
5.00 | 1.0357 7.14 7.15 | 17.1 | 1.1336 | 26.72 | 26.30 
5.25 | 1.0375 7.50 7.52 || 17.2 | 1.1345 | 926.90 | 26.56 
5.50 | 1.0304 7.88 7.89 | 17.3 | 1.1854 | 97.08 | 26.78 
5.75 | 1.0413 8.26 | 8.26 || 17.4 | 1.1363 | 27.28 | 26.90 
6.00 | 1.0432 8.64 | 8.64 17.5 | 1.1372 | 27.44 | 97.07 
6.25 | 1.0450 | 9.00 | 9.02 || 17.6 | 1.1381 | 27/62 | 27.24 
6.50 | 1.0469 | 9.38 | 940 | 17.7 | 1.1390 | 27.80 | 27/41 
6.75 | 1.0488 9.76 | 9.78 | 17.8 | 1.1399 | 27.98 | 27.58 
7.00 1.0507 | 10.14 | 10.17 | 17.9 | 1.1408 | 28.16 | 27.75 
7.25 | 1.0526 | 10.52 | 10.55 18.0 | 1.1417 | 28.34 | 27.92 
7.50 | 1.0545 | 10.90 | 10.94 18.1 | 1.1426 | 28.52 | 28.09 
7.75 | 1.0564 | 11.28 | 11.39 18.2 | 1.1435 | 28.70 | 28.26 
8.00 | 1.0584 | 11:68 | 11°71 18.3 | 1.1444 | 98.88 | 98.44 
8.25 | 1.0603 | 12.06 | 12.09 18.4 | 1.1453 | 29.08 | 28.61 
8.50 | 1.0623 | 12.46 | 12148 18.5 | 1.1462 | 29.94 | 28.78 
8.75 | 1.0642 | 12.84 | 19°87 18.6 | 1.1471 | 20.42 | 28:95 
9.00 | 1.0862 13.94 13.96 18.7 | 1.1480 | 29.60 | 29.13 
9.25 | 1.0681 | 13.62 | 13.65 18.8 | 1.1489 | 29.78 | 29.30 
9.50 | 1.0701 | 14:02 | 14/04 18.9 | 1.1498 | 29.96 | 29.48 
9.75 | 1.0721 | 14.42 | 14.43) 19.0 | 1.1508 | 30.16 | 29.65 
10.00 | 1.0741 | 14.82 | 14:83" 19.1 | 1.1517 | 30.34 | 29.83 
10.25 | 1.0761 | 15.22 | 15.22 | 19.2 | 1.1526 | 30.52 | 30.00 
10.50 | 1.0781 15.62 | 15.62 || 19.8 | 1.1535 | 30.70 | 30.18 
10.75 | 1.0801 | 16.02 | 16.01 | 19.4 | 1.1544 | 30.88 | 30.35 
11.00 | 1.0821 | 16.42 | 16.41 || 19.5 | 1.1554 | 31.08 | 30.53 
11.25 | 1,0841 16.82 16.81 19.6 | 1.1568 | 31.26 | 30.71 
11.60 | 1.0861 | 17.22 | 17.21 19.7 | 1.1572 | 31.44 | 30.90 
11.75 | 1.0881 | 17.62 | 17/61 19.8 | 1.1581 | 31.62 | 31.08 
12.00 | 1.0902 | 18.04 | 18.01 19.9 | 1.1500 | 31.80 | 31.27 
12.25 | 1.0992 | 18.44 | 18.41 20.0 | 1.1600 | 32.00 | 31.45 
12.50 | 1.0043 | 18.86 | 18.89 20.1 {| 1.1609 | 32.18 | 31.64 
12.75 | 1.0964 | 19.28 | 19.99 20.2 | 1.1619 | 32.38 | 31.82 
13.00 | 1.0985 | 19:70 19.63 90.3 | 1.1698 | 32.56 | 32.01 
13.25 | 1.1006 | 20.12 | 20.04 20.4 | 1.1637 | 32.74 | 32.19 
13.50 | 1.1027 -54 | 20.45 20.5 | 1.1647 | 32.94 | 32.38 
13.75 | 1.1048 | 20.96 | 20.86 20.6 | 1.1656 | 33.12 | 32.56 
14,00 | 1.1069 | 21.38 | 91.97 20.7 | 1.1666 | 33.32 | 32.75 
14.25 | 1.1000 | 21.80 | 21.68 | 20.8 | 1.1675 | 33.50 | 32.93 
14.50 | 1.1111 | 22.22 | 92:09 | 90:9 | 1.1 33.68 | 33.12 
14.75 | 1.1132 | 22.64 | 29.50 || 21.0 | 1.1694 | 33.88 | 33.31 
15.00 | 1.1154 | 23:08 | 22:92 | 21:1 1.1703 | 34.06 | 38.50 
15.25 | 1.1176 | 23.52 | 23:33 || 21.2 | 1.1713 | 34.26 | 33.69 
15.50 | 1.1197 | 23.94 | 23:75 21.8 | 1.1722 | 34:44 | 33.88 
15.75 | 1.1219 | 24:38 | 24°16 21.4 | 1.1732 | 34.64 | 34.07 
16.0 | 1,1240 | 24°80 | 24/57 21.5 | 1.1741 | 34.82 | 34.26 
16.1 | 1.1248 | 24°96 | 24°73 21.6 | 1.1751 | 35.02 | 34.45 
‘16.2 | 1.1256 | 25.12 | 24/90 21.7 | 1.1760 | 35.20 | 34.64 
16.3 | 1.1265 | 25.30 | 25.06 21.8 | 1.1770 | 35.40 | 34.83 
16.4 | 1.1274 | 25.48 | 25.23 || 21.9 | 1.1779 | 35.58 | 35.02 
16.5 | 1.1283 | 25.66 | 25.39 22.0 | 1.1780 | 35.78 | 35.21 
16.6 | 1.1202 | 25.84 25.56 | 281 1.1798 | 35.96 | 35.40 
_. ees i 
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22.2 | 1.1808 36.16 35.59 23.9 1.1973 39.46 39.18 
22.3 | 1.1817 | 36.34 35.78 24,0 1.1983 39. 66 39.41 
22.4 1.1827 36.54 35.97 24.1 1.1993 39.86 39.64 
22.5 | 1.1836 36.72 36.16 || 24.2 1, 2003 40.06 39.86 
22.6 | 1.1846 36.92 36.35 || 24.3 1,2013 40.26 40.09 
22.7 | 1.1856 87.12 36.54 | 24.4 1.2023 40.46 40.32 
22.8 | 1.1866 | 37.32 36.73 | 24.5 1.2033 40.66 40.55 
22.9 | 1.1875 | 37.50 36.93 24.6 40.86 | 40.78 
23.0 | 1.1885 | 37.70 37.14 4.7 | 41 2053 41.06 | 41.01 
23.1 1.1895 § 37.90 37.36 || 24.8 1.2063 41,26 41.24 | 
23.2 1,1904 38.08 | 37.58 | 24.9 | 1.2073 41.46 41.48 
23.3 | 1,1014 38.28 37.80 || 25.0 1.2083 41.66 | 41.72 
23.4 | 1.1924 38.48 38.03 24.1 1, 2093 41.86 41.99 
23.5 | 1.1934 38.68 | 38.26 | 25.2 1.2103 42.06 42.30 
23.6 1.1944 | 38.88 | 38.49 || 25.3 1.2114 42.28 42.64 
23.7 | 1.1958 | 39.06 | 38.72 |) 25.4 1.2124 42.48 | 43.01 
23.8 | 1.19638 | 39.26 | 38.95 | 25.5 1.2134 42.68 | 43.40 

H il 


Specific Gravity determinations were made at 60° F., compared 
with water at 60° F. 

From the Specific Gravities, the corresponding degrees Baumé 
were calculated by the following formula: 


Baumé = 145.— Son 
Atomic weights from F. W. Clarke’s table of 1901. O = 16. 


Allowance for temperature: 
10 — 15° Bé. — 1/40° Bé. or 0.0002 Sp. Gr. for 1° F. 
15 — 22° Bé. — 1/30° Bé. or 0.0003 Sp. Gr. for 1° F. 
22 — 25° Bé. — 1/28° Bé. or 0.00035 Sp. Gr. for 1° F. 
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AQUA AMMONIA 
According to W. C. Ferguson 


SPECIFIC | | SPECIFIC 
DEGREES | GRAVITY | PERCENT | DEGREES | GRAVITY PER CENT 
BAUME 60° 2 | BAUMA 60° ‘a 
60°" * i COs: 
rome es pata ats es ce HS EL ae ae 

10.00 1.0 i 0.00 19.75 0.9349 | 17.28 
10.25 0.9982 0.40 | 20.00 0.9333 17.76 
10.50 0.9064 | 0.80 | 20,25 0.9318 18.24 
10.75 0.9947 Lak} 20.50 0.9302 18.72 
11.00 0.9929 «| = 1.62 || 20.75 0.9287 19.20 
11.25 0.9912 | 2.04 | 21.00 0.9272 19.68 
11.50 0.9894 2.46 | 21.25 0.9256 20.16 
11.75 0.9876 | 2.838 | 21.50 0.9241 20.64 
12.00 0.9859 3.30 | 21.75 0.9226 21.12 
12.25 0.9842 | 3.78 || 22.00 0.9211 | 21.60 
12.50 0.9825 4.16 I 22.2 0.9195 22.08 
12.75 0.9807 4.59 | 22.50 0.9180 22.56 
13.00 0.9790 5.02 | 22.75 0.9165 23.04 
13.25 0.9773 5.45 23.00 0.9150 23.52 
13.50 0.9756 5.88 | 23.25 0.9135 24.01 
13.75 0.9739 | 6.31 | 23.50 0.9121 24.50 
14.00 0.9722 | 6.74 | = 28.76 0.9106 24.99 
14,25 0.9705 | 7.17 || 24.00 7; 0.9091 25.48 
14.50 0.9689 7.61 | 24.25 | 0.9076 25.97 
14.75 0.9672 | 8.05 | 24.50 } 0.9061 | 26.46 
15.00 0.9655 8.49 | 24.75 0.9047 | 26.95 
15.25 0.9639 | 8.93 | 25.00 0.9032 27.44 
15.50 0.9622 9.38 | 25.25 0.9018 | 27.93 
15.75 0.9605 | 9.83 | 25.50 0.91 | 28.42 
16.00 0.9589 | 10.28 25.75 0.8989 28.91 
16.25 0.9573 | 10.73 26.00 0.8574 29.40 
16.50 0.9556 | 11.18 26.25 0.8960 29.89 
16.75 0.9540 | 11,64 | 26.50 | 0.8946 30.38 
17.00 0.9524 12.10 | 26.75 | 0.8931 30.87 
17.25 0.9508 | 12.56 27.00 0.8917 31.36 
17.50 0.0492 | 13.02 || «= -27.25 0.8903 31.85 
17.75 0.9475 13.49 | 27.50 0.8389 82.34 
18.00 0.9459 13.96 27.75 0.8875 32.83 
18.25 0. 14.43 28.00 | 0.8861 33.32 
18.50 0.9428 14.90 § 28.25 0.8847 33.81 
18.75 0.9412 | 15.37 | 28.50 0.8833 34.30 
19.00 0.9396 | 15.84 | 28.75 | 0.8819 34.79 
19.25 0.9380 | 16.32. | 29.00 0.8805 35.28 
19.50 0.9365 | 16.80 || 


Specific ee ruinaond were made at 60° F., compared 
with water at 60° F. 

From the Specific Gravities the corresponding degrees Baumé 
were calculated by the following formula: 


Baumé = OF — 130. 
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ALCOHOL BY VOLUME 


Squibb 
SPECIFIC cn | SPECIFIC | | spEcreie | spectre 
PERCENT PER CENT | PERCENT PERCENT { 
ALCOHOL Se | kucomon) Se atras ALCOHOL a ALCOH 
Ea Pm) a Ps FR Pp 
15.56° 15.56°C° 15.56°C° | 
1 | 0.9085 | 96 | 0.908 | 51 | 0.9323 | 76 
2 9970 27 9691 | = 52 -9303 || 77 
3 9956 28 19678 | 53 “9283 | 78 
4 9942 29 19665 | 54 : 79 
5 9930 30 9652 | 19242 80 
6 9914 31 ‘oe43 | 56 79221 81 
7 9s98 | 32 "9631 57 ‘9200 | 82 
8 9390 | 33 ‘9618 | 58 ‘9178 | 83 
9 9878 34 79609 59 ‘9160 | 84 
10 9869 35 79503 | 19135 85 
1 9855 36 19578 | 61 9113 | 86 
9841 37 19565 || 62 79090 87 
13 9828 38 | :9550 | 68 79069 | 88 
4 «| 19821 39 19585 | 64 79087 |} 89 
15 9815 40 19519 | 65 9025 
16 | :9802 41 19503 66 9001 gt 
17 9789 42 79490 67 so73 || 98 
18 | 19778 43 79470 68 9 | 98 
19 9786 44 79452 69 8025 94 
20 | ‘9760 | 45 | lo4pe 70 8900 | 95 
21 97538 | 46 | 9416 7 8875 || 96 
22 9741 47 ‘9306 || 72 8850 | 87 
28 | «(9728 48 19381 73 8825 
2% | :9716 | 49 19362 74 8799 | 99 
25 . 9343 7 | .8769 | 100 
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Absolute zero, 17 
Acids, definitions of 
acetic, 8 
carbolic, 8 
hydrochloric, 8 
hydrocyanie, 8, 109, 110 
nitric, 8, 107, 108 
phosphoric, 8 
sulphuric, 8, 105, 106 
sulphurous, 8 
basicity of, 59 
ionization of constants, 45 
Acid, hydrochloric, 110 
nitric, 107, 108 
sulphuric, 105, 106 
Active mass, definition of, 18 
Adrabatic expansion, 17 
Adsorption, definition of, 18 
Alloys, composition of, 10, 11 
abbitt metal, 10 
bell metal, 10 
“B” alloy P, R. R., 10 
brass, 10 
britannia, 10 
bronze, 10 
car-box, metal, 10 
fusible, 11 
muntz, 10 
mosaic gold, 10 
pewter, 10 
phosphor bronze, 10 
rose metal, 10 
soft solder, 10 
speculum metal, 10 
tobin bronze, 10 
type, 10 
white metal , 10 
wood metal, 10 
Alcohol, 112 
grams per 100 oe., 112 
percent of volume, 112 
percent of weight, 112 
specific gravity of, 112 
Ampere, definition of, 18 
Ammonia, aqua, 111 
Analysis scheme, qualitative, 98-101 
-Antidotes of poisons, 8 
Apparatus list, 12, 13, 14, 15 
chemistry, 13, 14, 15 
physics, 13, 13 
Aqua, ammonia, 111 
degrees Baume, 111 
percent NHg, 111 
specific gravity, 111 
Areas, comparison of metric and custo- 


_. mary, 45 
Atom, definition of, 18 
Atomic theory, 17 

weight 7, 64-66 

weight of elements 7, 22-31 
Avagadro’s hypothesis 17 


Babbit metal, composition of, 10 

Balanced reaction, definition of, 18 

Barometer readings, correetions of, 15 

Bases, ionization constants of, 45 
normal solutions of, 69 

Base, definition of, 18 

Basicity of acids, 59 

Baume bsg rpg to degrees Twaddell, 107 


degrees or Twaddell to specific grav- 
ity, 107, 108 
degrees, 107-111, 
Bell metal, composition of, 10 
Ny Sad eee R. R., 10 


Boiling point of gases, 18 

Books, text, names of 102, 103, 104 
Boyles law, for gases, 16 

Brass, 10 

Britannia metal, composition of, 10 
British thermal unit 18. 


Calorie, small, 18 
rge, 
average, 18 
Capacity, comparison of metric and cus- 
tomary, 3 
Car-box metal, composition of, 10 
Catalytic agent, 18 
Centigrade degrees to other scales, 21 
Charles’ law, 16 
Chemical apparatus list, 13, 14, 15 
equations completed, 32-44 
factors 50-55 
laws, 16 
Boyle’s for gases, 16 
Charles’, 16 


combining weights, 16 
definite proportion, 16 
Faraday’s, 16 
Gay Lussac's for gases, 16 
Gay Lussac's of combining vol- 
umes, 16 
Henry’s, 16 
Hess’s of constant heat summa- 
tion, 16 
mass action, 16 
multiple proportions, 16 
partial pressures, 16 
periodic, 16 
problems, method of solving, 34-38 
theories, 17 
atomic, 17 
Avagadros’, 17 
electrolytic solution tension, 17 
electron, 17 
Chemistry apparatus list, 13, 14, 15 
apparatus for experiments, 13, 14, 15 
Colligative property, 18 
Color of inorganic compounds, 72-97 
Combining weight, 18 
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Comparison of wire gauges, 20 
aco lara = of metrie and customary 
lengths, 39 

areas, 40, 41 

volumes, 41 

capacity, 42, 43 

weight, 44 

masses, 44 
Composition of freezing mixtures, 45 
Compounds, formulae of, 

Inorganic, 22-31, 72-97 
Constitutive property, 18 
Constants of lonizations, 45 

Van der Waal’s, 

of gases, 

of inorganic compounds, 72-97 
Conversion of thermometer degrees, 21 
Corrections of barometer readings, 15 
Coulomb, 18 
Critical density of gases, 20 

temperature of gases, 20 

pressure of gases, 20 

data of gases, 20 
Cryohydrate, 18 
Crystal ee inorganic compounds, 72- 


Definite proportions, Law of, 16 
Definition of terms, 

absolute zero, 17 

acids, 17 

active mass, 18 

adrabatic expansion, 17 

adsorption, 18 

oct oge 18 

atom, 1 

Palaeed reaction, 18 
British bth unit, 18 


ee Res small, 18 
calorie, large, 18 

ealorie, average, 18 
catalytic agent, 18 
coligative property, 18 
combining weight, 18 
constitutive property, 18 
coulomb, 18 
eryohydrate, 18 
eutectic, 18 

heat of combustion, 18 
ion equivalent, 18 


molecule, 18 
normal solution, 19 
° ’ 
oxidation, 19 
reductions, 19 
reversible reaction, 18 
salt, 19 
solubility product, 19 
volt, 
watt, 19 
watt-hour, 19 
Degrees Baume, nitric acid, 107, 108 
Baume to degrees Twaddell, 107-110 
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Degrees Baume or eee to specific 
gravity, 107-1 
st Yoti0- 
Baume, aqua ammonia, 111 
Twaddell, 107-110 
Density of water, 38 
of gas, 20 
Diameter, platinum wire, 7 
Dissociation theory, Bk ae 17 


Electrolytic dissociation theory, 17 
Electrolytic solution tension theory, 17 
Electron theory, 17 
Elements, constants of, 22-31 
atomic weight of, 7, 22-31 
boiling point of, 92-31 
co-efficient of Oe ne 22-31 
discovery of 22-31 
discoverer of 22-31 
electrical conductivity of, 22-31 
melting point of, 22-21 
name, derivation of 22-31 
occurrence of, 22-31 
periodic table of, 70 
symbol of, 22-31 
specific cabigs of 22-31 
specific heat of, 22-31 
thermal conductivity of, 22-31 
valence of, 22-31 
Electromotive force of metals, 45 
Engineering alloys, 10 
Equations, chemical, completed, 32-34 
Eutectic, 18 
Experiments, apparatus for, 12, 13, 14, 15 
chemistry, 14, 15 


physics, 12, 1 


Factors, gravimetric, 50-55 
chemical, 50-55 
Fahrenheit degrees to other scales, 21 
Faradays’ Law, 16 
Foods, 45-47 
composition of, 46, 47 
fuel value of, 45, 4 
functions of, 45, 46 
uses of, 45, 46 
Formulae, 45 
area of triangle, 45 
circumference of, 45 
radius of circle, 45 
radius of triangle, 45 
of gases, 56 
of compounds, 72-97 
Nolen heats of, 57, 58 
Freezing mixtures, composition of, 45 
int of gases, 
Fusible alloys, 11 


Gas Aero Sateiget of, to standard 
conditions, 48, 49 

Gases, Ais fe '3 law for gases, 16 
crit: temperature of, 20 
critical pressure of, 20 
freezing point of, 20 
boiling point of, 18 
specific gravity of, 56 
molecular weight of, 56, 64-66 
formulae of, 56 
weight in grams per liter, 56 


INDEX 


Gauges, wire, comparison of, 21 
Gay Lussac law for gases, 16 

of combiniag volumes, 16 
Gauge numbers, platinum wire, 71 
Gravimetric factors, 50-55 
Gun metal; composition of, 10 


Heat of fusion of gases, 18 
of combustion, 18 
Heats of formation, 20 
of solution, 57 
Helmholtz double layer theory, 17 
Henry's law, 16 
Hess’ re of constant heat summation, 


Hydrogen equivalent, 18 

Hydrochloric acid, 109, 110 
degrees Baume, 109, 110 
degrees Twaddell, 109, 110 
percent HCI, 109, 110 
specific gravity 109, 110 


Indicators, use of, 59 
Inorganic compounds, 72-97 
boiling point of, 72-97 
constants of, 72-97 
crystal form, 72-97 
color of, 72-97 
formulae of, 72-97 
molecular weight of, 72-97 
melting point of, 72-97 
solubility, 72-97 
specific gravity of, 72-97 
Todine, 8 
Ton, 18 
Tonization theory, 17 
constants of acids and bases, 45 


Kilowatt, 18 


Laboratory reagents, preparation and 
strength, 62, 63 

Laws, chemical, 16 

Lead acetate, 8 

Lengths, comparison of metric and cus- 
tomary, 39 

List, apparatus, 12, 13, 14, 15 
chemistry 13, 14, 15, 
physics 13, 14, 15 

Logarithm table, 60, 61, 62 


Mass action law, 16 

es, comparison of metric and cus- 
% tomary, 39-44 
Method of solving chemical problemas, 19 
Metals, electromotive force of, 45 
Metric and customary weights, compari- 

son of, 3! 

Mercury, vapor pressure of, 71 
Mercuric chloride, 8 
Mixtures, freezing, 45 
Molecule, 18 
Molar solution, 19 
Molecular weight of gases, 64-66 
Molecular weights, 64-66 
Mosaic gold, composition of, 10 
Multiple proportions, law of, 16 
Muntz metal, composition of, 10 
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Nitric acid, 107, 108 
degrees Baume, 107, 108 
degrees Twaddell, 107, 108 
percent nitric acid, 107, 108 
specific gravity, 107, 108 
Normal solutions, 18, 67, 68, 69 


Ohm, 19 
Oxidation, 19 
Oxidizing and reducing agents, 67, 68 


Partial pressures, law of, 16 
Periodic law, 16 
table of elements, 70 
Percent nitric acid, 170, 108 
Hz ammonia aqua, 111 
by volume, alcohol, 112 
by weight, alcohol, 112 
Pewter, composition of, 10 
Phosphor bronze, composition of, 10 
Physics, apparatus list, 12, 13 
he aan oe of the elements 7, 
atomic weight of elements 7, 22-31 
boiling point of, 22-31 
ae Obed of expansion, of elements, 
v4 BA 
discovery of elements, 22-31 
discoverer of elements, 22-31 
open conductivity of elements, 


melting point of elements, 22-31 
nese, derivation of, of elements, 22- 


oceurrence, 22-31 
symbol of elements, 22-31 
specific gravity of elements, 22-31 
specific heat of elements, 22-31 
thermal conductivity of elements, 
22-31 
valence of elements, 22-31 
Physical constants of inorganic com- 
pounds, 72-97 
Platinum wire, 71 
diameter, 71 
gauge numbers, 71 
weight of, 71 
Poisons, antidotes of, 8 
Potassium hydroxide, 8 
Pressures, partial, law of, 16 
Pressure, critical, of gases, 20 
Preparation and strength laboratory re- 
agents, 62, 63 
Problems, chemical, method of solving, 
Proportions definite, law of, 16 
Proportions, multiple, laws of, 16 


Qualitative analysis scheme, 98-101 


Readings, barometer, corrections of, 16 
Reagents, laboratory, preparation and 
strength, 62, 63 
Reduction, 19 
of gas volumes to standard condi- 
tions, 48, 49 
Reference books, names of, 102-104 
Reversible reaction, 1 
Rose metal, 10 


tension 24 
Solving of chemical 
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Lesh seid, 107, 168 
Baume 


of gases, 56 
hydrochloric seid, 109, 119 


ammonis agus, Ill 

of aleohol, 112 of, 
Speculum metal, composition 
Stoechometry, 33-33 
Strength and preparation isborstoryr 
Teagents, 6 
Sulphuric acid, 105, 106 

one liter contsins, 105, 106 

percent SO: in, 1S, 108 

percent SOx in, 165, 106 

Spectfic gravity of, 105, 108 


Table of logarithm, &, 61, & 
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